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Introduction 
A pair of books written by Galileo Galilei in the 1630s, the Dialogo dei Due Massimi 
Sistemi del Mondo (Dialogue Concerning the Two Chief World Systems) and the 
Discorsi e Dimostrazoni Matematiche, Intorno a Due Nuove Scienze (Discourse and 
Mathematical Demonstrations Relating to the Two New Sciences) are typically 
regarded as founding documents of Modern Science. The program initiated by Galileo 
is often referred to as the mathematisation of the world picture; a concerted effort 
among academics in the 17th century to lay down a clear and well-ordered system of 
the world, written in the language of mathematics. Galileo is central to this narrative; 
possibly the most quoted paragraph from all of Early Modern Science presents this 
view: 
“Philosophy is written in this grand book — I mean the universe — which stands 
continually open to our gaze, but it cannot be understood unless one first learns 
to comprehend the language and interpret the characters in which it is written. It 
is written in the language of mathematics, and its characters are triangles, circles, 
and other geometrical figures, without which it is humanly impossible to 
understand a single word of it; without these, one is wandering around in a dark 
labyrinth.”1 
That Galileo chose to present his project in this way is clearly important. But the words 
of a polemic (as The Assayer was) must not be taken without a grain of salt. It is 
undeniable that Galileo was committed to describing the world mathematically. But the 
usual corollary of this position: that the basis of Galileo's work was a strict focus on 
that which was observable, and thus what could be quantified, should be rejected. In 
practice, Galileo frequently appealed to concepts that went beyond the observable or 
the mathematical; Joella Yoder described Galileo as someone “who invoked whatever 
argument would persuade his readers of the validity of his conclusion” 2. 
In this work, I focus on one of Galileo's concepts which was neither mathematically 
nor empirically derived, but instead based on a fundamental intuition regarding the 
nature of motion: that all mechanical phenomena could be treated in the same way, 
                                                          
1 (Galilei (1638) 1914, 237-8) 
2 (Yoder 1988, 170) 
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using the same mathematical and conceptual apparatus. This was Galileo's concept 
of 'correspondence', and I will follow it from its origins at the turn of the 17th century 
through Marin Mersenne and ultimately to Christiaan Huygens. 
At the centre of Galileo's concept of correspondence was that phenomena which 
looked similar really were the same; they were separate instances of the same 
fundamental processes. Hanging chains and projectile trajectories did not form the 
same curve by coincidence; they formed the same curve because both were produced 
by the same competition between vertical and horizontal tendencies. 
Correspondences were one of the major motivating and legitimising factors behind 
Galileo's desire to treat all of nature mathematically. This conceptual structure justified 
Galileo's treatment of all of phenomena of mechanics as mathematically the same. 
Using a pendulum to analyse an inclined plane, as Galileo did, only makes sense if 
they are related phenomena. The search for these correspondences lay at the heart 
of Galileo's mechanical program, and he believed in them so strongly that he was 
willing to dismiss empirical or mathematical results that suggested otherwise. 
This work is not a comprehensive presentation of the development of mechanical 
thought in the 17th century. Nor is it an attempt to provide a unified understanding of 
how Galileo or his contemporaries viewed nature. I focus on a single strand of thought 
that, while crucially important to Galileo's study of motion, was one concept in a much 
broader understanding of the natural world. This work contains no astronomy, optics, 
or theology; the science of mechanics is my subject. 
The concept at the heart of this history, correspondence, took several different forms. 
Galileo viewed two phenomena as having a correspondence if their motions were in 
some way the same; sometimes he arrived at this conclusion through mathematics, 
other times through observation, or occasionally by guessing at the dynamics of the 
phenomena, but in no case could he be described as having a proof of the existence 
of a correspondence. Correspondences were always hunches or intuitions; something 
about the phenomena convinced Galileo that they were the same in some important 
respect. Most importantly, once convinced that a correspondence did exist between 
two different types of phenomena, Galileo was loathe to change his mind, even when 
the evidence that led him to this belief came under fire or even evaporated altogether. 
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Anyone who reads the Discorsi or the Dialogo is struck by how frequently Galileo uses 
analogies to explain a variety of phenomena. The key argument of this work is that 
Galileo's arguments were not merely analogies. Galileo used the concept of 
correspondences to tie his mechanical program together. The motion of a pendulum 
wasn't just similar to the motion of a ball on an inclined plane, they were in important 
respects the same. The shape of the hanging chain could not just be used as a 
convenient analogy to projectile trajectories, they were the same shape because they 
were the same kind of phenomenon. Correspondences legitimised Galileo's use of 
one to analyse the other. 
The first chapter of this thesis outlines Galileo's development of the idea of 
correspondence from his early experiments with Guidobaldo del Monte in the last 
decade of the 16th century, through his independent research on the subject in the first 
decade of the 17th century, until Galileo's presentation of it in the 1638 Discorsi. 
Thomas Harriot, a figure that does not usually feature in canonical histories of 17th 
century physics, also appears to stand in contrast to Galileo. His role is to show that 
Galileo's notion of correspondence was not an inevitable outgrowth of Galileo's field 
of study, but a personal choice on the part of Galileo. Thomas Harriot independently 
discovered many of the crucial results that we now associate with Galileo, but he did 
so without any concept of correspondence. Correspondence was a feature of the 
Galilean research program; it was not a basic feature of the world itself, waiting to be 
discovered by anyone interested in the subject of mechanics. 
The second chapter focuses on the reception of Galileo's ideas by Marin Mersenne, 
who published abridged translations of Galileo's books in France and was his principal 
proponent there in the 1630s and 40s. A highly respected scientist in his own right, 
Mersenne eventually rejected Galilean mechanics in the last years of his life, largely 
due to his close friend René Descartes' criticism of Galileo. I argue that Mersenne's 
loss of faith in the Galilean program is at least partially explicable by his failure to 
understand the concept of correspondence; in fact, Mersenne leaves out from his 
translation those sections of Galileo's work which express the idea of correspondence 
most clearly. I also argue that the traditional account of Mersenne as a strict empiricist 
is inaccurate; Mersenne relied on empiricism to justify his belief in Galileo's mechanics 
not because of a lifelong commitment to empiricism, but because he had no 
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alternative. When his infatuation with Galileo waned in the last years of his life, his 
insistence on pure empiricism faded with it. 
The final chapter focuses on the work of Christiaan Huygens, a scientist with the 
mathematical skill needed to read the book of nature in the language of mathematics. 
Strongly committed to the use of mathematics to study the natural world, Huygens had 
the mathematical skill that Galileo lacked but so clearly desired. Huygens' success in 
quantifying centrifugal force in the 1659 De Vi Centrifuga was achieved on the back of 
his mathematical genius, but it was Huygens' commitment to treat centrifugal force as 
essentially no different from gravitational force that provided the creative insight behind 
this project. Huygens' work was legitimised by the same thought process underlying 
Galileo's correspondence: that gravitational and centrifugal forces were different 
instantiations of the same fundamental phenomenon, therefore it was legitimate to 
analyse them in the same way. 
This work draws on several strands of thought in the historiography of Galileo studies 
and the historiography of Early Modern Science more broadly. One strand is the study 
of the nature of Galileo's experiments, particularly his pendulum experiments and their 
relationship to Galileo's belief in the isochrony of the pendulum3. Much of the first 
chapter deals with this belief, as I attempt to explain how it fit into his broader program. 
In the 1950s Alexandre Koyré used Galileo's claim of the isochrony of the pendulum 
to support his argument that Galileo was not a serious experimentalist, arguing that 
any true experimentalist would not have believed something which was so clearly 
against experience. 
Although Koyré's thesis is long dead, concerns about Galileo's insistence on the 
isochrony of the pendulum have remained, with Stillman Drake4, Thomas Settle5, and 
most recently Paolo Palmieri6 writing on the topic. Palmieri argues effectively that 
Galileo could have come to his belief in the isochrony of the pendulum via experiments, 
but he does not explain why Galileo was so tenacious in defending that thesis when 
contemporaries such as Mersenne publicly dismissed it. I argue that Galileo's 
                                                          
3 Galileo believed that pendulums were isochronous; that their periods were independent of the initial 
displacement angle. 
4 (S. Drake 1978) 
5 (Settle 1961) (Settle 2001) 
6 (Palmieri 2009) 
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persistence was due to his belief in a correspondence between pendulums and 
inclined planes. This correspondence was a crucial part of Galileo's broader program, 
one that he was unwilling to give up even in the face of public criticism and private 
doubts. The pendulum's isochrony was the key phenomenon which lay at the heart of 
that correspondence and tied the many different parts of Galileo's program together. 
A second strand of thought is based on the materiality of objects, such as that provided 
by Bertoloni Meli7. This historiography emphasises the neo-Archimedean tradition 
introduced to mathematicians in the 16th century as the basis for modern science. In 
this tradition, objects are the focus of study for mathematicians; complex machines 
are to be deconstructed into simple ones. I do not oppose this argument, Guidobaldo 
and Galileo both frequently thought with objects, but I am arguing for a broader view. 
Correspondences were one of Galileo's central analytical tools, but this concept was 
alienated from any specific object. While Archimedean deconstruction was a one way 
street, moving from the complex to the simple, analyses based on correspondences 
had no such hierarchy. Galileo frequently used pendulums to analyse other objects, 
but this was not because the pendulum was a special object, different from all others, 
but merely because he was familiar with it. Galileo used pendulums to analyse inclined 
planes, but there was no reason he could not have used inclined planes to analyse 
pendulums if he so desired. 
A third and more recent strand of historiography has been a focus on reconstructing 
Galileo's work from his folios, an effort spearheaded by Renn, Damerow, Reiger, 
Freudenthal, and McLaughlin8. These scholars have emphasised a somewhat 
forgotten part of Galileo's project, his focus on the shape of the hanging chain, and I 
make use of their studies on this topic in my first chapter. I extend their work by 
expanding on the role of this shape in Galileo's thought, and similar interpretations of 
geometric shapes in the work of Thomas Harriot. 
This history follows what a modern scientist might call a project of unification. Just as 
Faraday and Maxwell sought to show that what appeared to be separate phenomena 
really were governed by the same natural laws, Galileo and Huygens sought to show 
                                                          
7 (Bertoloni Meli 2006) 
8 (Renn, Damerow and Rieger 2001), (Renn, Damerow and Freudenthal, et al. 1992)  
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that all types of motion can be analysed using the same mathematical structure. 
Galileo of course did not have a modern concept of natural laws9, but the unifying 
impulse of treating all of nature in the same language of mathematics is certainly 
reminiscent of Faraday and Maxwell, not least as that story too features an older man's 
project given mathematical rigour by one of the finest mathematicians of the 
subsequent generation. Although the narrative of Galileo's program as one of 
unification is not new, the concept of correspondences is. 
While he did not use the word correspondence, Huygens shared Galileo's commitment 
to explaining a variety of phenomena with the same mathematical and conceptual 
structure. He expanded on Galileo's attempt to mathematically demonstrate a 
connection between free fall and pendulum motion, using Galileo's tools to solve a 
problem which had eluded scientists for half a century: determining the distance a 
body falls in one second of free fall. He also expanded Galileo's concept of 
correspondence by identifying a connection not just between two different 
phenomena, but between two different types of motion: gravitational and centrifugal. 
By finding a point of contact between gravitational and centrifugal motion, Huygens 
was able to extend the mathematisation of nature from gravitational to centrifugal 
motion. 
Mersenne's role in this story is to show how widely responses to Galileo varied in the 
middle of the 17th century. Unlike Huygens, Mersenne had no concept of 
correspondences. Mersenne is typically presented as the archetypal hard-nosed 
empiricist: someone who refused to speculate on things that could not be observed. 
Under this perspective, Mersenne's failure to understand or even notice Galileo's 
concept of correspondence is likely tied to this refusal to deal with unobservables. In 
fact, I argue that the reverse is more likely true: Mersenne's adoption of Galileo's 
mechanics caused him to become the radical empiricist he is usually presented as. 
This is not to say that Mersenne a pure rationalist prior to some sort of conversion 
experience to Galilean mechanics; he was clearly committed to the pursuit of empirical 
knowledge. But it is in the 1630s, when Mersenne was most interested in Galileo's 
                                                          
9 The idea of natural laws comes from Descartes, hence Galileo would not have been aware of it until 
very late in his life. Huygens would have at least been familiar with the idea. 
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work, that Mersenne becomes the radical empiricist that he is remembered for, and it 
is in the context of Galilean mechanics where Mersenne makes his most radically 
empiricist statements. Without an appreciation of the concept of correspondences, 
Mersenne could only fall back on the natural world to legitimise his use of Galilean 
mechanics. As his belief in Galileo's mechanics waned in the 1640s, so too did 
Mersenne's reliance on strict empiricism. Mersenne spent the last years of his life 
gravely concerned with the causes of gravity, investigating a topic which he had 
explicitly rejected as pointless less than a decade previously. 
The contrast between Mersenne and Huygens therefore displays the vast difference 
in how Galileo's mechanics could be interpreted by his contemporaries and immediate 
successors, much as the contrast between Galileo and Thomas Harriot shows how 
differently two men could approach the same topics. While Galileo and Huygens relied 
crucially on a concept of correspondence to understand natural phenomena, both 
Harriot and Mersenne were able to achieve many important results in mechanics 
without it. This work is the biography of a concept; one that is contingent, constructed, 
frequently fruitful but not a historical or scientific necessity. 
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Chapter 1: Galileo's Program, Harriot's Problems 
Sometime between 1588 and 1592, Guidobaldo del Monte (1545-1607) and Galileo 
Galilee (1564-1642) met and performed an experiment involving rolling balls along an 
inclined plane. A piece of paper was placed on an inclined plane, then a ball which 
had been coated in ink was rolled along a trajectory above the horizontal, leaving a 
curved line on the paper. Guidobaldo described the details of the ball's trajectory and 
recorded this experiment in a notebook. He noted that the shape of the trajectory 
resembled the shape of a freely hanging chain, they were both parabolas10, and he 
ascribed this similarity to the fact that the phenomena shared a similar origin: they 
were both composed of two forces, horizontal and vertical, in competition with one 
another.11 
Fifty years later Galileo included this experiment in his final book, the Discorsi e 
Dimostrazioni Matematiche Intorno a Due Nuove Scienze (Discourses and 
Mathematical Demonstrations Relating to the Two New Sciences)12, claiming that the 
fact that the two phenomena produced the same curve demonstrated the existence of 
a “correspondence” between projectile trajectories and hanging chains. The existence 
of these correspondences was based on the same reasoning that Guidobaldo had 
used in the 1590s: the two phenomena looked the same because they were caused 
by the same underlying processes. Galileo posited similar correspondences between 
a variety of mechanical phenomena and used these alleged correspondences as 
bridging tools to extend his mathematisation of nature from phenomena he did 
understand (such as the motion of a pendulum) to those he did not (such as the motion 
of a ball rolling along an inclined plane). 
In this chapter, I will introduce the concept of correspondence13 and explore how 
Galileo used it to both motivate and legitimise his research program. I will describe 
how he used this concept as a crucial tool in pursuit of his ultimate goal: to treat all 
naturally accelerated motion with the same conceptual and mathematical apparatus. 
Galileo's methods will be compared to that of his contemporary, Thomas Harriot (1560-
                                                          
10 In fact a chain does not hang in a parabola but instead in a catenary, a then unknown curve. They 
are easy to mistake for one another, as Guidobaldo has done here. 
11 (Renn, Damerow and Rieger 2001, 40-44) 
12 (Galilei (1638) 1914) 
13 Galileo referred to this concept either as corrispondenza or rispondere. 
Max Kemeny  A Certain Correspondence 
Page 11 of 116 
 
1621), who does not typically feature in histories of the scientific revolution but who 
addressed many of the same research questions as Galileo. The purpose of the 
comparison is to show that Galileo's methods were not the only way to attack the 
problem of motion; Harriot was able to reach many of the same conclusions as Galileo 
without any concept analogous to correspondence. The difference between the two 
men's use of experiments is another important focus of this chapter. 
Galileo, Harriot, and Correspondences 
The modern concept which most closely resembles the concept of correspondence is 
symmetry. Galileo first understood correspondences by identifying the symmetrical 
shapes of hanging chains and projectile trajectories, among other objects. This led 
him to assign substantive connections between those phenomena, his 
correspondences, which were then reinforced by mathematical connections he saw 
between those same objects. Sometimes those mathematical connections became 
the primary basis on which his belief in the existence of a correspondence was based; 
this happened when some of his contemporaries publicly questioned his assertion that 
pendulums were isochronous. 
Because of this, identifying when and how Galileo first came to the belief in a specific 
correspondence can be nearly impossible, as Galileo's goal in his published work was 
not to accurately record his process of discovery, but instead to use any argument he 
felt would convince the reader. Sometimes Galileo's belief in correspondences, such 
as his commitment to the isochronism of the pendulum, seem to have been generated 
from non-experimental observation. Others, like the hanging chain and projectile 
trajectories, were the result of careful experiments14. Often his commitment to the 
existence of correspondences between those objects was what motivated him to 
pursue his experiments. Galileo's belief in correspondences reflected a deeply held 
belief that many mechanical phenomena were similar at some fundamental level, and 
the quest to prove the reality of these correspondences formed a large part of his 
research program in mechanics. 
                                                          
14 Galileo's experiments have been the cause of much consternation among historians; Alexandre 
Koyré famously argued that Galileo could not have performed the experiments he wrote about, and 
thus experiment served no important role in Galileo's thought. Thomas Settle and Stillman Drake 
contradicted this, showing how experiments were performed and fit into Galileo's thought. More recent 
scholarship, such as that by Paolo Palmieri, has focused on to what extent Galileo's beliefs were 
justified by his experiments. 
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The mechanical work of Thomas Harriot is also included in this chapter to serve as a 
comparison to Galileo's treatment of motion. Harriot’s work on mechanics has 
experienced increased attention in the literature since the turn of the century, partially 
due to the similarity of his work to Galileo's on a broad range of topics including 
buoyancy, optics, astronomy and mechanics15; Harriot also addressed subjects that 
Galileo did not focus on, such as algebra. Harriot was also the first person to make 
observations and drawings of the moon using a telescope in July 1609 fourth months 
before Galileo16. 
As Harriot's only published work during his life was “A Briefe and True Report of the 
New Found Land of Virginia”17 written after his 1585 voyage as a ship's cartographer, 
attention by historians of mechanics has been intermittent despite his lengthy notes 
on that subject. Harriot's failure to publish, while not unusual at the time, meant that 
his ideas on mechanics more or less died with him18; he had no students to carry on 
his work. It also meant that when Harriot discovered many key results of early 17th 
century physics and astronomy, he failed to gain credit for his work because other 
scholars independently made the same discoveries and did publish. An oft quoted 
letter from Harriot's friend, William Lower, lamented: “Do you not here startle, to see 
every day some of your inventions taken from you?”19, referring to the publishing of 
Kepler's Astronomia Nova. Harriot carried on a correspondence with Kepler between 
1606 and 1609, in which they discussed a variety of topics. Kepler would later publish 
on many of those topics without crediting Harriot. However, it seems that most of his 
thoughts on mechanics were unknown to his contemporaries, and they went 
unpublished. 
This unhappy situation is nevertheless a boon for historians, since Harriot can thus 
serve as a point of comparison for more well-known individuals working on mechanics 
in the early 17th century. The fact that the Harriot never corresponded with Galileo, 
and that they were likely unaware of the details of each other’s work on mechanics, 
                                                          
15 E.g. (Schemmel 2008), (J. Stedall 2002), (Fox 2012). 
16 (Chapman 2008) 
17 (Harriot 1903) 
18 The extent to which Harriot's work was known by his contemporaries is uncertain, though he was 
certainly reasonably well known in England during his life. Notably, as he carried on a correspondence 
with Kepler, he was known to at least some of the major figures on the Continent. See (Schemmel 
2008). 
19 (Shirley 1983, 400) 
Max Kemeny  A Certain Correspondence 
Page 13 of 116 
 
means that Harriot is an excellent counterpart to Galileo. And as Harriot died well 
before Galileo's thoughts on mechanics were widely promulgated, we can be confident 
that Harriot's ideas were also generated independently of Galileo. 
The men addressed similar problems, and often came to the same answer. However 
Harriot's methodology in coming to those answers often differed wildly from Galileo's; 
this is most evident in their use of experiments. Crucially, Harriot seemed to have very 
little interest in symmetry or correspondences; he was concerned with more concrete 
questions such as 'what is the mathematical relationship connecting motion with space 
and time?' 
This difference of interest led Harriot down a totally different train of thought to 
Galileo's, despite their similar starting points. Harriot's background as a cartographer 
led him to gather large amounts of quantitative data, from which he could distil 
arithmetic relationships between the variables he was interested in. Unlike Galileo, 
Harriot did not believe that there were fundamental connections hiding beneath the 
phenomena and objects he studied; or if he did, he certainly did not pursue these 
connections as Galileo did. 
Both Harriot's and Galileo's work fitted into a shared research program: collecting the 
new knowledge gained from the rediscovery of Archimedean mechanics, and applying 
those new tools to analyse projectile motion. This had become important in the 
previous two centuries due to the rise of the cannon in warfare, which served both as 
a stimulus for investigating projectile motion, and a source of qualitative and 
quantitative data. This was particularly true for Harriot, who considered many different 
possible shapes for the projectile trajectory based on reports from actual cannon fire, 
and who checked his work against tables of data connecting the angle of elevation 
with the length of cannon shot. Their shared program led the two men to many of the 
same types of experiments and concepts; they both compared projectile motion to 
motion on the inclined plane, for example. But they often differed on exactly what they 
considered important to understand about projectile motion. 
The primary theoretical difference between Galileo and Harriot's programs was one of 
metaphysics; the two men often treated the same problems, but Galileo's commitment 
to correspondences existing in nature directed him to produce the work that he did. 
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Harriot had series of practical problems, such as what the angle of maximum range 
for a cannon was, produced idealised models of those problems (he explicitly noted 
that he restricted his work to deal with conditions which the gunner could control, 
neglecting things like wind), and then used information to adjust those models. Galileo 
was far more interested in demonstrating that the correspondences he posited really 
did exist and using them to develop a unified account of natural motion. 
The two men also differed regarding the nature of experiments, and how they could 
be used to produce reliable knowledge. Interestingly, Harriot here appears much more 
like a modern scientist than Galileo; as he frequently relied on carefully gathered data 
to come to his conclusions. While Harriot's arguments almost always relied on 
experimental evidence coupled with mathematical analyses, Galileo used whichever 
arguments he felt the reader would find most convincing, be they based on everyday 
experience, careful experiment, or simply common sense. 
Harriot used experiments primarily to distinguish between mathematical models of 
motion. Using the Archimedean mathematical and theoretical tools available to him 
(as well as some of his own), he produced testable, quantitative predictions, then 
compared those predictions to his data. Unlike Galileo, Harriot did not produce a 
coherent picture of mechanics analogous to the Discorsi; whether this was a 
consequence of Harriot's shorter life or because he simply wasn't interested in creating 
a unified theory of motion is impossible to say for sure. However, because his interest 
was primarily restricted to distinguishing between competing models of motion and not 
the theoretical underpinnings of those models, I advance as a conjecture that Harriot 
would not have produced a work treating motion as a unified subject. If he had 
compiled his work on the topic for publication, he likely would have restricted his 
interest to those cases which he studied most closely, such as the relationship 
between motion, time and space. Hence the title of this chapter; while Galileo had a 
coherent program which unified his study of motion, Harriot treated a series of 
problems which were conceptually related but essentially distinct. 
John Henry20 has argued that while Galileo wanted to be viewed as equal parts 
philosopher and mathematician, Harriot typically avoided natural philosophy as much 
                                                          
20 (Henry 2012) 
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as he could. He notes that although Harriot observed sunspots, he did not record 
anything about the fact that this directly challenged the Aristotelian notion of the 
perfect, unchanging heavens as Galileo did; Harriot seemed to be content with 
describing that phenomenon. I argue that a similar story is true of Harriot's work on 
mechanics: that it was a descriptive exercise intended to provide an accurate report 
of the actual behaviour of mechanical phenomena, rather than attempting to provide 
a unified understanding of motion. 
While Galileo tried to uncover correspondences; connections hiding just beneath the 
surface of everyday phenomena, Harriot had no such interest. Possibly this was due 
to Harriot's background as a cartographer; there's nothing fundamental about the 
world hiding beneath the contours of the coast of colonial Virginia. Harriot was content 
to describe mathematical relationships, such as those relating velocity, distance, and 
time in projectile motion as a practical mathematician, leaving speculation to the 
philosophers. 
Whereas Galileo hit upon novel considerations of symmetry and correspondence from 
his time spent experimenting, the same was not true for Harriot. The experiments that 
Harriot records in the most detail were those which were carefully designed to provide 
him with specific information; information that he required in order to test his 
mathematical models. This is where his priorities lay, and thus represent the biggest 
methodological difference between Harriot and Galileo. 
The State of Mechanics in the 16th Century 
The topics that would form the core of Galileo's work in the 17th century were often 
treated as completely separate subjects in medieval thought. Topics such as the 
balance and the lever belonged in the science of weights, a subset of mathematics, 
whereas the subject of motion and change belonged to the realm of natural 
philosophy. The construction and use of machines, and the practical knowledge of 
their operation, was a matter for the mechanical arts such as architecture. The 16th 
century saw the recovery of additional ancient texts on those topics, one of the most 
important of which was the Pseudo-Aristotelian Questions of Mechanics, first 
translated and published in Latin by Vittore Fausto in 1517. 
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Much of the text of Questions of Mechanics relies on the properties of the balance, 
which themselves rely on the properties of the lever, placing the lever 
epistemologically ahead of the balance, forging a connection between the static world 
of the balance and the dynamic world of the lever. Mechanics was first introduced to 
the curriculum at Padua in the 1560s in the form of lectures on Questions of 
Mechanics, supplemented by commentaries on that text by mathematicians such as 
Niccolo Tartaglia (1500-1557). 
Tartaglia was the dominant figure of mid-16th century mechanics, publishing two books 
on ballistics in 1537 and 1546 entitled Nova Scientia and Quesiti et Inventioni Diverse 
respectively. These books would provide the canonical version of mechanics for the 
mid-16th century, much as Galileo's work was the common starting point of most 
investigations into mechanics in the mid-17th century. Tartaglia also produced 
translations of Euclid (into Italian) and Archimedes (into Latin), the latter of which was 
highly influential in the work of Guidobaldo del Monte (1545-1607) and later Galileo. 
Guidobaldo's 1577 Liber Mechanicorum was “perhaps the most influential mechanical 
treatise of its time”21 and was an extended commentary on and criticism of Tartaglia's 
mechanics. It treated the lever, pulley, wheel and axle, wedge, and screw, the five 
simple machines central to the traditional study of mechanics. Guidobaldo's work 
largely replaced the Questions of Mechanics as the standard treatment of those topics. 
Galileo inherited a neo-Archimedean tradition which focused on analysis through the 
deconstruction of complex machines into combinations of those five simple machines. 
While Galileo would retain his commitment to analysing complex machines in terms of 
simple ones, he would add to his analytical toolbox the notion of correspondence. 
Correspondences resembled the traditional Archimedean commitment to studying 
unknown phenomena in terms of more well understood ones, but the concept itself 
was alienated from any specific object. 
Guidobaldo and Galileo 
One of the earliest experimental studies that Galileo pursued was his investigation into 
balls rolling on an inclined plane, a study in which he initially worked jointly with 
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Guidobaldo. Although Galileo had investigated the inclined plane experiment prior to 
his experiments with Guidobaldo, in De Motu, it was during his stay with Guidobaldo 
that Galileo first noticed phenomena which he would investigate sporadically for the 
next forty years, and which would end up in his final work, the Discorsi. This topic has 
previously been investigated by Renn, Damerow and Rieger22. Their account will be 
helpful in understanding how Galileo conceptualised the inclined plane experiment 
during his early investigations of it at the turn of 17th century, particularly regarding the 
connection that Galileo saw between the hanging chain and the projectile trajectory. 
In this section, I will use the Discorsi to expand on these topics, and show that Galileo 
also posited a similar connection between the inclined plane and the pendulum. 
Galileo referred to these connections as “certain correspondences” between objects. 
Renn et al argue that Galileo's meeting with Guidobaldo was crucial in the 
development of his understanding of the law of fall, i.e. that the distance travelled by 
a falling body is directly proportional to the time it takes that body to fall. While Renn 
et al reject the idea that there was any one event that can be described as Galileo's 
discovery of the law of fall, as his understanding of it evolved over several decades, 
they argue that the decade between 1592 (when they say Guidobaldo and Galileo first 
met) and 1604 (when Galileo refers to something strongly resembling the law of fall in 
a letter to Paolo Sarpi) were the formative years for Galileo's understanding of the law 
of fall. 
Renn et al base their dating on several pieces of evidence. Firstly, letters from 
Guidobaldo to Galileo in 1592 contain an invitation for Galileo to visit Guidobaldo in 
his villa. Guidobaldo kept notebooks detailing many of his philosophical and 
experimental investigations; a section of one of his notebooks contains descriptions of 
pendulums and other matter which Galileo was working on at the time23. Renn et al 
date those entries to a period around 1592 in which Galileo may have been visiting 
Guidobaldo. Nestled among this seemingly Galilean work is a description of the ball 
on an inclined plane experiment. If discussions between Galileo and Guidobaldo in 
person are truly the origin of that section of the notebook, then this strongly suggests 
that Guidobaldo made those notes soon after discussions with Galileo. 
                                                          
22 (Renn, Damerow and Rieger 2001) 
23 (Renn, Damerow and Rieger 2001, 32) 
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Additionally, also in 1592, Paolo Sarpi wrote in his own notebook the details of this 
experiment and a conclusion drawn from it: that the trajectory of the rolling body is a 
symmetrical curve such as a parabola or hyperbola. Renn et al argue that the only 
way this information could have conceivably got to Sarpi was via Galileo, who was 
good friends with both men. They conclude that Galileo must have ascribed a 
symmetrical shape to the trajectory by 1592, and possibly have understood the 
consequence of this shape: the law of fall. As a much older man Galileo would ascribe 
the discovery of the law of fall and the parabolic shape of projectile motion as some of 
his primary successes, and date them to this period. Experiments similar to 
Guidobaldo's inclined plane experiment would appear in the Discorsi as major topics 
of experimental investigation, with Guidobaldo himself mentioned by name at the very 
end of the Fourth Day as the inspiration for some of Galileo's ideas. 
It is also possible that Galileo met Guidobaldo earlier, in 1589. Menchetti24 suggests 
that Galileo met Guidobaldo for the first time in 1589 while Guidobaldo was visiting his 
son Orazio in Pisa. At the time Galileo had recently been established as professor of 
mathematics at the University of Pisa, a job which Guidobaldo was instrumental in 
securing, and it is possible that it was during this occasion that Guidobaldo and Galileo 
performed the rolling ball experiment together, rather than in 1589. Guidobaldo also 
invited Galileo to his manor in 1588, which provided another opportunity for the two 
men to meet prior to 159225. It's possible that Galileo and Guidobaldo met on all three 
occasions, they do not preclude each other. What is important for our story is that 
Galileo explicitly connects his work on inclined planes to Guidobaldo in the Discorsi, 
and Sarpi's letter of 1592 places a terminal date for when this meeting could have 
taken place. 
Galileo had experimented with balls rolling on inclined planes before 1592, as it is 
mentioned in his first major work on motion: his unfinished De Motu. In it, Galileo's 
interest concerning inclined planes is posited as two questions. Firstly: Why does a 
body moving along an inclined plane move much more slowly than one descending 
along a vertical line? Secondly: By how much is the vertical motion faster than the 
motion on an inclined plane? The details of Galileo's answer to these questions have 
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been dealt with elsewhere26, but for our purposes it is enough to point out that these 
are not the questions that Galileo would become preoccupied with after his encounter 
with Guidobaldo and during his return to the inclined plane experiment in the first years 
of the 1600s. After his meeting with Guidobaldo, Galileo would become much less 
interested in describing the motion of balls on planes and much more interested in 
how that motion related to other types of motion. 
Additionally, and perhaps more importantly, Galileo's primary analytical tool in this part 
of De Motu is the principle of the lever. Mathematical analyses via an analogy between 
seemingly disparate phenomena would become an extremely important part of 
Galileo's work in mechanics. Galileo's identification of a “correspondence” between 
the inclined plane with the pendulum would become a crucial motivating concept 
behind much of Day 3 of the Discorsi. 
Guidobaldo's Experiment 
Whenever the meeting took place, in the Discorsi Galileo makes a reference to an 
experiment of Guidobaldo's that bears a striking resemblance to one Guidobaldo 
recorded in 1592, suggesting he was present at its performance as Renn et al argue. 
In the experiment, a piece of paper is placed on an inclined plane, then a ball which 
has been coated in ink is rolled above the horizontal along the plane, leaving a curved 
line. The resulting curve is shown in Figure 1. Guidobaldo writes: 
If one throws a ball with a catapult or with artillery or by hand or by some other 
instrument above the horizontal line, it will take the same path in falling as in 
rising, and the shape is that which, when inverted under the horizon, a rope 
makes which is not pulled, both being composed of the natural and the forced, 
and it is a line which in appearance is similar to a parabola and hyperbola...  
Although the ball bounces along, yet it makes points as it goes, from which one 
can clearly see that as it rises so it descends, and it is reasonable this way, since 
the violence it has acquired in its ascent operates so that in falling it overcomes, 
in the same way, the natural movement in coming down so that the violence that 
overcame [the path] from b to c, conserving itself, operates so that from c to d 
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[the path] is equal to cb, and the violence which is gradually lessening when 
descending operates so that from d to e [the path] is equal to ba, since there is 
no reason from c towards de that shows that the violence is lost at all, which, 
although it lessens continually towards e, yet there remains a sufficient amount 
of it, which is the cause that the weight never travels in a straight line towards 
e.27 
 
Figure 128 
Note that Guidobaldo provides some observations on what the salient points of the 
experiment were: that the ball “rises so it descends”; that is, it is symmetrical in its 
upward and downward motions, and that “it is a line which in appearance is similar to 
a parabola and hyperbola”29. Guidobaldo explicitly connects this shape with the shape 
of a hanging chain, a connection that Galileo also put much stock in. The discovery of 
this connection was seen as a crucial result of the experiment. 
From this brief examination, we can draw certain conclusions regarding Guidobaldo's 
use of experiment. Firstly, Guidobaldo's interest was in the shape of the curve. He did 
not seem to be interested in the time it took the ball to roll, or the distance it rolled. His 
results were geometrical rather than numerical; Guidobaldo gave no measurements 
or data and proposed no proportions. For Guidobaldo, and by extension probably for 
Galileo as well, the crucial result of the experiment is that the shape of the curve is 
symmetrical, the ball “rises so it descends”. 
                                                          
27 (Renn, Damerow and Rieger 2001, 45) 
28 (Libri 1838, 397, vol. IV) 
29 (Renn, Damerow and Rieger 2001, 46) 
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Secondly, as Guidobaldo connected the shape of the trajectory with either a parabola 
or hyperbola, the parabola was already in Guidobaldo's mind in the early 1590s, 
although he claimed that he was not entirely sure what kind of curve the trajectory 
was. He explicitly stated that “the weight never travels in a straight line”, i.e. the 
trajectory is continuously curved for its entire length30. Although Guidobaldo's 
predecessor Tartaglia also makes this claim, as can be seen on the frontispiece to 
Nova Scientia (Figure 2), in his actual analysis the trajectory is drawn as a straight 
line, followed by the arc of a circle, followed by a vertical line (Figure 3). Guidobaldo 
makes no mention of such a shape in his experimental report.31 
In further contrast to Tartaglia, Guidobaldo claims that the ball never loses its violent 
motion, it simply lessens as the body moves. He also suggests that violent and natural 
motions exchange roles between ascent and descent, explaining the symmetry of the 
trajectory. This is the small amount of theoretical consideration that Guidobaldo allows 
himself; the rest of the experimental account is empirical in nature. 
Finally, this was an investigatory experiment; it was not designed to make a point in a 
debate or demonstrate a particular theoretical idea, the key result (the symmetry of 
the ball's trajectory) was interesting in its own right. A theoretical explanation for this 
phenomenon was not offered beyond suggesting that the roles of violent and natural 
motions are exchanged between ascent and descent. The experimental results were 
not widely promulgated. Guidobaldo did not set out to perform an experiment which 
would conflict with Tartaglia's analysis of projectile trajectories, rather he happened 
upon this experiment and decided to share its results among his close colleagues. 
                                                          
30 (Renn, Damerow and Rieger 2001, 45) 
31 For an analysis of Tartaglia's (often confusing) ideas regarding projectile trajectories, see Drake & 
Drabkin (1969). 
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Figure 2: Cannonball Trajectory from Tartaglia's Frontispiece32 
 
Figure 3: Cannonball Trajectories in Tartaglia's Analysis33 
What is important for our purposes is that Galileo adopted or perhaps even suggested 
the explanation that Guidobaldo proffers at the end of his experimental account: that 
the natural and violent motions of the body exchange roles between ascent and 
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descent, and this explains the symmetry of the trajectory. This is the earliest root for 
what would eventually become the cornerstone of one of Galileo's correspondences 
of nature: between hanging chains and projectile trajectories. 
The Hanging Chain: No Coincidental Result 
As we have seen, Guidobaldo's first reaction to the inclined plane experiment was not 
merely to compare the shape of a projectile's trajectory to that of a freely hanging rope 
or chain, but to claim that they were not simply coincidentally similar, but both 
manifestations of the same phenomenon. Both shapes are “composed of the natural 
and the forced”. This connection was seen by Guidobaldo and Galileo as an important 
insight gained from the experiment. It was not just a mere curiosity. 
That Galileo considered the relationship between a hanging rope and the trajectory of 
a projectile as a crucial result of the inclined plane experiment is supported by Sarpi's 
notes on this experiment, also dated from 1592 (or perhaps early 1593), which he 
almost certainly received via correspondence with Galileo. Here, Sarpi draws out more 
explicitly the influence of natural and forced motions in creating the shape of both the 
projectile trajectory and that of a freely hanging rope: 
The projectile not [moving] along the perpendicular to the horizon never moves 
along a straight line, but along a curve, composed of two straight motions, one 
natural, and the other one along where the force is directed. The impressed 
[force] at the beginning is always greater, and, for this reason, the beginning 
comes very close to the straight line, but the impressed force continues 
decreasingly and it returns [in a] similar [way] to [that of] the beginning if it [i.e. 
the impressed force] has the proportion to the natural [force], as the natural one 
had to it [i.e. the impressed force], and in everything all the time the descending 
is similar to the ascending. If, however, the one [i.e. the impressed force] of the 
projectile expires, the motion finally comes rectilinearly downward; but if (as has 
been assumed before) it is infinitely divisible and diminishes according to 
proportional parts, the motion never comes to be a straight line. Hence the 
motion of the projectile is compounded by two forces: one of which always 
remains the same, and the other always decreases. 
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A similar line is caused by a suspended rope, because its suspension would like 
to pull each part laterally towards it [i.e. the fixed end], while it [i.e. the rope] would 
like to move downwards; therefore the parts closer to the beginning share more 
of the lateral [force], and the parts closer to the middle share more of the natural 
[force], the middle has equal shares of both of them and is the vertex of the 
figure.34 
Like Guidobaldo, Sarpi has made an explicit connection between the shape of the 
trajectory and the shape of a hanging chain or rope, although Sarpi qualifies this by 
saying the shapes are similar, whereas Guidobaldo says that they are the same. For 
Sarpi, as well as for Galileo and Guidobaldo, this is no coincidence, it is because these 
two phenomena are fundamentally the same: both shapes are the result of a 
downward force competing with a horizontal force. In the Discorsi, Galileo referred to 
this connection as a “correspondence”, a phrase that he would also use for other 
connections between phenomena. This insight is equal parts experimentally and 
theoretically derived; it relies on a close examination of the shapes of both objects (an 
examination Galileo would return to in his Paduan period ten years later, documented 
on folio page 107), but it also requires a certain theoretical concept of a competition 
between horizontal and vertical forces. 
Galileo's emphasis on the correspondence between projectile trajectories and hanging 
ropes would reappear in his final work, the Discorsi of 1638. The text takes the same 
form as Galileo's 1632 Dialogo, that of a four day discussion between three men; 
Simplicio, an Aristotelian, Sagredo, in interested observer, and Salviati, a proponent 
of Galileo's ideas. The two new sciences Galileo covers are material science, covered 
in the first and second days, and mechanics, covered in the third and fourth days. 
Galileo mentions hanging chains twice in the Discorsi. The first is towards the end of 
the Second Day, where it is used as a method of drawing parabolas. Galileo states 
that “The chain will assume the form of the parabola”. The second, and for our 
purposes more interesting mention of chains occurs at the end of the Fourth Day35. 
Here, upon noting that the shot fired from a cannon will never be perfectly straight 
                                                          
34 (Renn, Damerow and Rieger 2001, 60) 
35 Guidobaldo also receives a mention in the Fourth Day, evidence that suggests that he was on 
Galileo's mind during the discussion of hanging chains. 
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(except for shots fired vertically), Galileo compares this trajectory to the shape of a 
hanging rope, which much like the cannonball, cannot be made straight, no matter the 
force pulling on the ends of the rope: 
SALV. In this case of the rope then, Sagredo, you cease to wonder at the 
phenomenon [i.e. that a hanging rope can never be pulled straight] because you 
have its demonstration; but if we consider it with more care we may possibly 
discover some correspondence between the case of the gun and that of the 
string. The curvature of the path of the shot fired horizontally appears to result 
from two forces, one (that of the weapon) drives it horizontally and the other (its 
own weight) draws it vertically downward. So in stretching the rope you have the 
force which pulls it horizontally and its own weight which acts downwards. The 
circumstances in these two cases are, therefore, very similar. If then you attribute 
to the weight of the rope a power and energy sufficient to oppose and overcome 
any stretching force, no matter how great, why deny this power to the bullet? 
Besides I must tell you something which will both surprise and please you, 
namely, that a cord stretched more or less tightly assumes a curve which closely 
approximates the parabola. This similarity is clearly seen if you draw a parabolic 
curve on a vertical plane and then invert it so that the apex will lie at the bottom 
and the base remain horizontal; for, on hanging a chain below the base, you will 
observe that, on slackening the chain more or less, it bends and fits itself to the 
parabola; and the coincidence is more exact in proportion as the parabola is 
drawn with less curvature or, so to speak, more stretched; so that using 
parabolas described with elevations less than 45° the chain fits its parabola 
almost perfectly.36 
Galileo explicitly states that the similarity in the shapes is a direct result of their similar 
circumstances; namely that they are both the combination of downward and horizontal 
forces. Salviati states that there is “some correspondence (qualche corrispondenza) 
between the case of the gun and that of the string”. This correspondence is evidenced 
by the fact that hanging chains or strings share some properties with each other, e.g. 
their inability to be made completely straight, the symmetry of their shapes, etc. The 
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correspondence is explained by appeal to a competition of forces, which Galileo refers 
to the “circumstances” of the two cases.  
This correspondence was intimately connected to Galileo's perception of symmetry in 
the phenomena he studied. And correspondence was not restricted to the case of 
projectile trajectories and hanging chains; Galileo posited a similar connection 
between the inclined plane and the pendulum. Despite the differences between 
pendulum motion and motion on an inclined plane, Galileo argued that his propositions 
concerning motion on an inclined plane were correct because of the existence of the 
same phenomena in pendulum motion. Galileo's concept of correspondence is thus a 
relationship between two different phenomena which appear similar due to the similar 
circumstances of their production. 
Galileo described this similarity in a number of different ways in De Motu, however he 
most frequently used the word correspondence to describe the connection he saw 
between disparate phenomena, particularly the gun and the chain. An interest in these 
connections was not unique to Galileo; Guidobaldo uses a similar idea in his 
description of the inclined plane experiment that he performed with Galileo around 
1590. Recall that Guidobaldo described the trajectory of the ball as the same as the 
shape of a hanging chain “being both composed of the natural and the forced” in his 
experimental notes. The idea that two phenomena look the same because they share 
a common source is sufficiently familiar that Guidobaldo leaves this statement as self-
evident, without needing further comment. 
This phenomenon has been noticed before in 17th century mechanics; most recently 
by Domenico Bertoloni Meli, who introduced the term “unmasking” to describe one 
type of transformation whereby “apparently complex and elaborate objects or devices 
can be shown to consist of simple, known ones in disguise” 37. Bertoloni Meli identifies 
two other types of transformation: “morphing”, whereby through a series of operations 
one object can be transformed into another, and “dematerialisation”, whereby objects 
were abstracted away from their material constraints, signifying “the transformation of 
mechanics from a science of machines to a more abstract discipline based on abstract 
principles and laws”. 
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Galileo's notion of correspondence looks a little like both unmasking and morphing, 
yet not exactly like either. Like morphing, Galileo shows that two seemingly unrelated 
objects are actually related, but he doesn't do this by operationally transforming one 
into the other, he does it by identifying their similar causes. Like unmasking, Galileo 
reveals something hiding beneath the accidental circumstances of physical objects, 
but in the case of the projectile trajectory and the hanging chain, he reasons from a 
reasonably well known object (the projectile trajectory) to an almost unstudied one (the 
hanging chain). This is the opposite of unmasking, because unmasking is moving from 
an obscure, complicated object to a well understood, simple one. Both of these 
concepts of transformation are similar to Galileo's approach to mechanics, but neither 
are identical to the notion of correspondence. Before we move on however, let us 
return to the projectile trajectory and the inclined plane, and to Galileo's attempts to 
empirically demonstrate the correspondence he posited. 
On folio 107 (Figure 4), dated by Renn et al38 to Galileo's time in Padua, Galileo 
attempts to check whether the hanging chain does in fact follow a parabola. He 
constructed a parabola on the page, and then matched a hanging chain to his 
parabola, with the two curves overlapping at the vertex and the highest points of the 
chain. He marked a series of points on the page corresponding to the suspension of 
the chain. He then measured the distance between the chain points and the parabola, 
recording his results in a table. His results showed that the difference between chain 
and the parabola was not constant, which is inconsistent with the idea that the curve 
of the chain was a parabola. 
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Figure 439: Comparing a Chain and a Parabola 
Galileo then repeated this experiment with a much longer chain which was stretched 
to be flatter, recording his results on the reverse of the page. The results fit a parabolic 
shape better than the smaller chain, although not perfectly. Galileo seems to have 
been sufficiently satisfied with this result, and began to search for a proof of the 
parabolic shape of the hanging chain. An abortive attempt at a proof in the form of a 
drawing and some accompanying calculations can be seen below the results on the 
folio. 
All this is meant to show that for Galileo, at both the beginning and end of his work on 
motion, there was a substantive and not just coincidental correspondence between 
projectile trajectories and freely hanging chains. Galileo attempted to prove this 
correspondence both mathematically and experimentally, and he recorded 
quantitative data in pursuit of this goal. However this was not the only correspondence 
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in motion that Galileo would address in his work, as he would apply the same 
reasoning to the cases of the inclined plane and the pendulum. 
Another Correspondence: The Inclined Plane and the Pendulum 
We have seen that Galileo made a connection between projectile motion and freely 
hanging chains due to their shared properties, and explained this correspondence by 
positing that they were both examples of the same underlying cause: competing 
vertical and horizontal forces. Galileo would draw a similar connection between two 
slightly more closely related phenomena in the Third Day of the Discorsi, connecting 
motion along an inclined plane with the motion of a pendulum. It is uncertain precisely 
what combination of theoretical and experimental reasoning led Galileo to this belief. 
Nevertheless, as we will see, Galileo relied on empirical evidence to prop up this 
perceived connection, much as he did on folio 107. 
In order to prove the proposition that: “The speeds acquired by one and the same body 
moving down planes of different inclinations are equal when the [perpendicular] 
heights of these planes are equal”, Galileo gives the example of a pendulum, shown 
in Figure 5. 
 
Figure 5: Galileo's Representation of the Bullet on a String Experiment, from 
the Discorsi 
A lead bullet is suspended by a string, which is attached to the wall at A. It is then 
pulled to C and allowed to swing, passing through B and then rising until it terminates 
its motion at D, upon which it begins to fall again. D is at the same elevation as C. If a 
nail is placed at E or F, which are arbitrary points on the line AB, such that the string 
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is caught on it when it reaches the nadir of its swing, then the bullet will rise to G or I 
respectively, both being at the same elevation of C and D. Galileo draws this 
conclusion from this demonstration: 
SALV. This experiment leaves no room for doubt as to the truth of our 
supposition; for since the two arcs CB and DB are equal and similarly placed, the 
momentum [momento] acquired by the fall through the arc CB is the same as 
that gained by fall through the arc DB; but the momentum [momento] acquired 
at B, owing to fall through CB, is able to lift the same body [mobile] through the 
arc BD; therefore, the momentum acquired in the fall BD is equal to that which 
lifts the same body through the same arc from B to D; so, in general, every 
momentum acquired by fall through an arc is equal to that which can lift the same 
body through the same arc. But all these momenta [momenti] which cause a rise 
through the arcs BD, BG, and BI are equal, since they are produced by the same 
momentum, gained by fall through CB, as experiment shows. Therefore all the 
momenta gained by fall through the arcs DB, GB, IB are equal. 40 41 
In other words, the momentum expended by the ball in moving along the arc BD is the 
same as the momentum expended by moving along BG or BI, or any arc which 
reaches the same height as BD. And as the momentum expended in rising a distance 
is the same as that created when falling the same distance, this shows that falls from 
the same height will create the same momentum. 
Yet it is not at all clear why an argument made on pendulums would hold for motion 
on an inclined plane; the two motions are different in many ways. For one, in 
pendulums acceleration continuously changes, but on inclined planes it is constant. 
The fact that Sagredo states that Salviati's postulate is “so reasonable that it ought to 
be conceded without question”, and later claims that “the argument seems to me so 
conclusive and the experiment so well adapted to establish the hypothesis that we 
may, indeed, consider it as demonstrated” further suggests that Galileo knows his 
                                                          
40 (Galilei (1638) 1914) 
41 The word 'momenta' has been simply transliterated from the original text, but it is important to point 
out that it should not be read with its modern meaning, as it has changed significantly since Galileo's 
time. There is no modern term with a meaning directly analogous to the pre-Newton meaning of the 
word momento, not least because the word did not have a generally accepted definition even in this 
time, thus its usage varied from person to person and over time. In very general terms, its meaning 
tended to lie somewhere between the modern terms of force, kinetic energy, and momentum. 
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premise is not as self-evident as he would like it to be. Galileo's insistence on the 
obviousness of his conclusion undermines its claim to self-evidence. 
Indeed, Galileo admits these limitations and later bases his claims as to his postulate's 
accuracy on empirical observations, stating that: 
SALV. We are going to apply this principle mainly in motions which occur on 
plane surfaces, and not upon curved, along which acceleration varies in a 
manner greatly different from that which we have assumed for planes. So that, 
although the above experiment shows us that the descent of the moving body 
through the arc CB confers upon it momentum [momento] just sufficient to carry 
it to the same height through any of the arcs BD, BG, BI, we are not able, by 
similar means, to show that the event would be identical in the case of a perfectly 
round ball descending along planes whose inclinations are respectively the same 
as the chords of these arcs... the absolute truth of [this principle] will be 
established when we find that the inferences from it correspond to and agree 
perfectly with experiment.42 
Despite Galileo's acknowledgement that he hasn't proven a connection between 
pendulums and inclined planes, he uses that connection as his introduction to a series 
of theorems regarding motion on inclined planes. Why would Galileo do this, 
particularly as he says that he intends to rely on experiment to demonstrate the truth 
of his proposition that equal heights produce equal motions for objects rolling along 
inclined planes? If experiments are sufficient to demonstrate such a proposition, then 
why not just let them speak for themselves and dispense with the above argument 
entirely? The answer is that a commitment to correspondences between different 
types of phenomena was an integral part of Galileo's mechanical program. The 
correspondence that Galileo sees in this case is the isochronism of the pendulum and 
along chords attached to the lowest point within a circle (the law of chords). 
Galileo had made the connection between pendulums and inclined planes by 1602 at 
the latest, when the law of chords and the law of broken chords (i.e. that descent along 
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two chords is faster than the same descent along a single chord) is documented in a 
letter to Guidobaldo, written on the 29th of November 1602: 
 
Figure 6: Chords and Broken Chords 
In the circle BDA, let the diameter BA be erected on the horizontal, and let us 
draw from the point A to the circumference any lines AF, AE, AD, AC: I 
demonstrate identical mobiles falling in equal times both along the perpendicular 
BA, and along the inclined planes of the lines CA, DA, EA, FA; so that, by starting 
at the same moment from the points B, C, D, E, F, they will reach the end point 
A at the same time, and let the line FA be as small as we want it to be. 
And maybe even more unthinkable will appear the following, also demonstrated 
by me; that wherever the line SA being not greater than the chord of a quadrant, 
and [given] the lines SI and IA, the same mobile, starting from S, makes the 
journey SIA quicker than just the journey IA, starting from I. 
Until now I have demonstrated without transgressing the terms of mechanics; but 
I cannot manage to demonstrate how the arcs SIA and IA have been passed 
through in equal times and it is this that I am looking for. [Emphasis added]43 
Here Galileo has explicitly stated that proving the isochronism of the pendulum is a 
major goal of his program at that time. Galileo first understood the connection between 
inclined planes and pendulums by identifying the isochronism of both the pendulum 
and inclined planes placed on the chord of a circle. It is likely that Galileo became 
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convinced of the isochronism of the pendulum from experimental observations44, 
however the isochronism of the chords could only have been arrived at theoretically. 
He saw the inclined plane experiment, and his proof of the law of chords, as a way to 
prove what he suspected from his experimental work dating back to his years as a 
student45: that the swings of each individual pendulum are isochronous regardless of 
the displacement angle. His interest in the inclined plane had changed from his initial 
experiments with Guidobaldo, and the even earlier ones documented in De Motu. 
Now, its relationship with the pendulum had become the centre of Galileo's attention. 
Initially, Galileo attempted to determine experimentally whether the time of descent of 
a pendulum was the same as the time of descent for a plane which is a chord of that 
pendulum. This experiment is recorded on folio page 189v. A further development is 
recorded on folio 166r (seen in Figure 7), where Galileo derives the law of broken 
chords. On this page, Galileo attempts to prove the isochronism of the pendulum by 
constructing the curve followed by the pendulum as a series of chords with different 
gradients. 
Galileo draws the arc of a circle, which represents the path of descent of a pendulum, 
then draws a straight line from the top of the arc to the vertex, such as the line SA in 
figure 6. He then constructs a new line, similar to SIA in figure 6, which has the same 
start and end points as SA but is broken into two straight lines which touch the arc 
halfway down the descent. Further paths are drawn, again using the same start and 
end points but broken into multiple chords. He finds that the more chords he uses in 
this construction, the faster the descent of the ball will be, with the fully curved line 
traced by a real pendulum being the fastest path of all.  
This result was surprising to Galileo; his interest in the connection between pendulums 
and planes was based on the idea that they share a fundamental property; their 
isochronism. However almost immediately he discovered that this connection isn't as 
close as he had hoped; his initial attempt to use the isochronism of the inclined plane 
to prove the isochronism of the pendulum had failed. 
                                                          
44 For a recent treatment of this topic, see (Palmeieri, 2009). 
45 While Viviani's story about the chandelier is probably apocryphal, his dating of Galileo's interest in 
the isochrony of the pendulum in his days as a student appears to be accurate. 
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Figure 746: Part of folio 166r, where Galileo investigates the law of broken 
chords. This folio is from Galileo's Paduan period, and certainly predates the 
1602 letter to Guidobaldo. 
This failure, however, is revealing. When Galileo presents the inclined plane in the 
Discorsi, he uses it as experimental support for the law of fall, and this is the way 
Galileo's treatment of the inclined plane was most commonly read by his 
contemporaries47. However I have shown that Galileo's belief in a connection between 
the pendulum and the inclined plane predates his use of it as a crutch for the law of 
fall; he first used the connection to try to prove the isochronism of the pendulum. 
Galileo's belief in substantive correspondences between phenomena, such as the 
inclined plane and the pendulum, or the hanging chain and the projectile trajectory, 
                                                          
46 Reproduced with the permission of the Biblioteca Nazionale Centrale di Firenze 
47For example, by Mersenne. See Chapter 2. 
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reveals his desire to produce a unified account of motion. A belief in correspondences 
is what motivated Galileo to pursue the lines of inquiries he did, and serve as the basis 
for his understanding of motion. 
Successes out of Failures 
Galileo uses the discussion of the pendulum and the inclined plane to lead into the 
bulk of the Third Day's subject matter; thirty eight mathematical propositions mostly 
regarding times of descent along straight lines and chords within circles. These 
theorems have their roots in Galileo's early experimentation; contained within their 
number is the law of chords and the law of broken chords, both of which he had stated, 
essentially in their final form, in his letter to Guidobaldo in 1602. The experiments 
which prompted Galileo's interest in the connection between the inclined plane and 
the pendulum were the basis for these discoveries, as they alerted him to the idea that 
he could prove the isochronism of the pendulum through deconstructing chords. 
Despite being unable to prove what he set out to prove, the correspondence Galileo 
saw between the inclined plane and the pendulum formed the basis of his science of 
motion. 
But what of the symmetry between the hanging chain and the shape of projectile 
motion? Around the same time as Galileo was discovering the laws of chords and 
broken chords during his search for a proof of the isochronism of pendulums, he was 
also pursuing the connection between hanging chains and projectile motion. Folios 
107 and 132 document Galileo's attempt to experimentally demonstrate the parabolic 
shape of the hanging chain. As with his work on the isochronism of the pendulum, 
Galileo was unable to demonstrate what he suspected to be true, either experimentally 
or mathematically. But unlike his work on chords, Galileo did not discover further 
developments to spur his interest. Neither of his failed proofs spurred Galileo to give 
up his original idea, but one proved fruitful, becoming a major part of his science of 
motion, while the other remained an interesting but ultimately secondary consideration 
for motion. 
We can compare how these correspondences are presented in the Discorsi; the 
connection between the pendulum and the inclined plane takes pride of place as the 
centre of the Third Day's discussion, introducing his thirty-eight propositions. However 
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the connection between hanging chains and projectile motion is relegated to the last 
section of the Fourth Day. It does not introduce further theorems, although Simplicio 
promises that Salviati will “explain to us the utility that may be drawn from the little 
chain” in the unwritten Fifth Day. Renn et al48 suggest that this utility was as a practical 
way of determining angles for cannon shots. The Fifth Day would have also contained 
what Galileo believed to be a proof of the parabolic shape of hanging chains, seen in 
an early stage on folio 43r. Ultimately his failing health and progressive blindness 
prevented Galileo from fulfilling Simplicio's promise. 
Galileo's mechanical program was motivated by the correspondences he saw between 
phenomena. Galileo believed so strongly in the existence of these correspondences 
that he continued to pursue them in his studies despite being unable prove them. In 
fact, in the case of the isochronism of the pendulum, he continued to chase a proof 
even after his discovery of the law of broken chords suggested that his presumption 
was mistaken, or at least not as strong as he had hoped. It is impossible to pinpoint 
the exact origin of Galileo's concept of correspondences due to the dearth of primary 
source material from the 1590s when he was developing these ideas. That being said, 
the concept appears to at least partially be an outgrowth of his Archimedean roots, 
from the desire to deconstruct complex objects into arrangements of the a few simple 
machines, showing how complex machines were really simple ones in disguise. 
Galileo merely went one step further: to show how various phenomena were simply 
manifestations of the same underlying processes. 
The use of these Archimedean machines, such as the lever, as analogies to 
phenomena such as the descent of an object had been a feature of Galileo's earliest 
work, De Motu. Despite his shift in interest from velocity to acceleration in the early 
1590s, Galileo retained his commitment to analyse phenomena in terms of simple 
machines. This method of analysis would not make sense unless Galileo believed that 
the cases he compared were sufficiently similar in all relevant respects. Galileo may 
have initially discovered these similarities via experimentation. While he preferred to 
mathematically prove their existence, when he failed to do so (such as in the case of 
the chain and the projectile trajectory), he returned to empirical observations as the 
justification for these beliefs. 
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Unlike his 16th century influences such as Tartaglia and Guidobaldo, Galileo thinks 
about mechanics without reference to any specific object. Instead, motion is to be 
analysed in terms of the correspondences which underlie various phenomena. This 
was Galileo's key insight which motivated much of his mechanical program, and 
legitimised using the same mathematical and conceptual structure to analyse 
otherwise unrelated phenomena. 
Thomas Harriot: The Mechanical Experiments of Galileo's Contemporary 
Galileo was not the only person conducting experiments on motion at the turn of the 
17th century. Born just four years before Galileo in 1560, Thomas Harriot was an 
immediate contemporary of Galileo who conducted several experiments on motion in 
the first years of the 1600s, at nearly exactly the same time as Galileo's breakthroughs 
of 1602-1604. The most recent scholarship on Harriot's experimental and theoretical 
considerations of mechanics has been published by Matthias Schemmel49. By 
comparing Harriot's experimental work with that of Galileo, we can investigate what 
concerns regarding motion were peculiar to Galileo himself, or more generally the 
Northern Italian mechanical tradition, and which were common among all practitioners 
of mechanics. 
Harriot came from a relatively poor background, and made a living outside the 
university system. He graduated from St Mary Hall at Oxford in 1580, after which he 
was hired by Sir Walter Raleigh due to his knowledge of practical mathematics. 
Practical mathematics would form the basis of his career; he helped design Raleigh's 
ships, acted as an astronomer to assist with navigation, and often managed Raleigh's 
accounts. He learnt a “small amount”50 of the Algonquian language prior to a voyage 
to Virginia with Raleigh in 1585-1586, during which time he produced a number of 
maps of the territory51. Later in his life Harriot worked for Henry Percy, Earl of 
Northumberland; however due to Percy's participation in the Gunpowder Plot Harriot 
was soon out of work again52. He then worked for a succession of patrons before his 
death from a cancer of the nose in 1621. 
                                                          
49 (Schemmel 2008) 
50 This displays one of Harriot's most unfortunate virtues: humility. In fact Harriot learned quite a lot of 
the language despite only being in Virginia for a short time. 
51 (Harriot 1903) 
52 Harriot spent a month in prison due to his association with Percy as well as with Raleigh, who had 
been imprisoned in 1603 for conspiring against the king, although Harriot was eventually released with 
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Harriot is extremely useful as a basis of comparison to Galileo for several reasons 
other than his aforementioned contemporaneity with Galileo. He looked at naturally 
accelerated motion (free fall) and he worked with many of the same Archimedean 
mathematical resources as Galileo (such as Archimedes' theory of buoyancy, which 
Galileo displayed his knowledge of in La Bilancetta53). When Harriot died in 1621, his 
work on motion was entirely unpublished, as was most of Galileo's work on mechanics 
at the time. Harriot left no disciples; while his work was widely known in England and 
to a lesser extent on the continent, after his death he quickly faded into relative 
obscurity. 
Furthermore, there is no record or indication that Galileo and Harriot corresponded 
with each other; it is therefore highly unlikely that either knew the details of the other's 
work. While Harriot addresses many of the same questions as Galileo, their 
experimental methods and reasoning do not bear much resemblance to each other. 
Most importantly, unlike Galileo, Harriot showed little interest in finding 
correspondences between disparate phenomena. Harriot appears to be more 
committed to hard-nosed empiricism than most of his contemporaries, simply refusing 
to talk about the causes of motion. 
These two facts: the lack of communication between Galileo and Harriot, and Harriot's 
failure to pass on his methods to a new generation of students, are the primary reasons 
why I have chosen Harriot as my basis of comparison to Galileo rather than more well-
known figures such as Isaac Beeckman (1588-1637), who also produced analyses of 
fall. The obscurity of Harriot's work on mechanics is a strength, as well as the fact that 
he predeceased Galileo by two decades, well before Galileo published his major works 
on mechanics. 
Harriot conducted a number of experiments on fall, many of which have been 
reconstructed and repeated by Matthias Schemmel. Schemmel describes one as 
such: 
                                                          
his reputation intact. Harriot attended the 1618 trial of Raleigh which ended with his former patron's 
execution; no doubt Harriot worried that his past association with Raleigh may lead to dire 
consequences, however they did not eventuate. 
53 (Galilei, La Bilancetta (1586) 1961)  
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In the scale pan on one side of an equal-armed balance, Harriot placed certain 
standard weights. We will refer to the sum of these weights as the counterweight. 
The beam of the balance locked such that the side bearing the counterweight 
was prevented from declining. Harriot now dropped a bullet from a certain height 
into the scale pan on the other side of the balance, or a plate attached to it, and 
observed whether the bullet hitting the scale pan or plate was able to lift the 
counterweight. If this was not the case, he reduced the counterweight and 
repeated the trial. In this way, he determined the largest weight the bullet was 
able to lift when hitting the scale pan or the plate. The magnitude of this weight 
he called the “weight” of the bullet having fallen a certain distance. He determined 
this “weight” for three different heights of fall.54 
According to Schemmel, Harriot identified this “weight” with the degree of velocity that 
the bullet possessed, in keeping with the Aristotelian concept of velocity as 
proportional to the force causing its motion. He recorded the numerical results of this 
experiment in a series of tables. Harriot used these results to try to distinguish between 
two possibilities: whether the bullet's motion was (in modern terms) directly 
proportional to time elapsed or space travelled through55. He then derived two sets of 
numerical predictions, one for each assuming either that velocity was directly 
proportional to space or time. He then compared these values with the ones derived 
from this experiment and other similar ones. His results clearly indicated that velocity 
was directly proportional to time elapsed and not to space traversed. 
Over 100 years later, Willem 's Gravesande, from whose 1747 Physices Elementa 
Mathematica Figure 8 has been taken, performed experiments similar to the one 
Schemmel described above. Despite the fact that this type of experiment was relatively 
common in the 17th and 18th centuries, Schemmel notes that “Harriot's particular use 
of such experiments to determine the increase of the velocity of a falling body appears 
to be unique”56. 
In all of his experiments on the “weight” of falling bodies, Harriot drew up tables of his 
results (such as Figure 9), including numerical details such as various heights fallen 
                                                          
54 (Schemmel 2008, 97) 
55 For a discussion of the terminology used by Harriot, see Schemmel 2008, Chapter 3. 
56 (Schemmel 2008, 98) 
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and weight of the bullet, as well as notes on how the experiment actually proceeded, 
such as noting that the thread broke in one of his experiments. 
 
Figure 8: A Similar Experiment, from 's Gravesande's Physices Elementa 
Mathematica (1747) 
Harriot always had a very clear question in mind while performing his experiments. In 
this experiment he wanted to know whether the velocity of a naturally accelerated body 
was directly proportional to space traversed or time elapsed. Harriot constructed the 
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experiment to distinguish between these two possibilities, recorded quantitative data, 
and determined which of the two theories' predictions more correctly matched the data. 
I will be following Schemmel's reconstruction of the second of Harriot's 'weight' of a 
bullet experiments, recorded on folio H-75r. Harriot's experimental method was quite 
sophisticated; he recorded results, interpreted them, and adjusted future experiments 
in light of those results. Harriot also moved with surprising ease between 
experimentally derived results and those that were the product of theoretical 
considerations, which he produced to compare with his experimental results. 
A possible reconstruction of the experiment is given by Schemmel: 
“Harriot placed the counterweight in the scale pan on one side of the balance 
whose other scale pan he had removed and replaced by a construction of wire 
and threads. This construction may have consisted of a plate attached to the 
balance by means of threads and wires... Harriot would then have dropped the 
bullet onto this plate instead of the scale pan.”57 
The results of this experiment are recorded by Harriot in the table shown in Figure 9. 
The data in the table relate the distance fallen by the bullet (the leftmost column) to 
the largest counterweight that it could lift (the third column, starting with the number 
148). Harriot then graphed these results; with the “weight” of the bullet on the 
horizontal and the distance it had fallen on the vertical on folio S-1r, shown in Figure 
10. 
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Figure 958: Harriot's Results to a Free Fall Experiment, arranged in a table, with 
notes, from Folio H-75r59. Harriot was not known for the legibility of his 
handwriting. 
The resulting line, as Harriot notes in the top left of Figure 10, lies on a parabola. This 
result is consistent with the supposition that velocity is directly proportional to time, but 
not consistent velocity being directly proportional to space. Harriot understood that this 
result supported the former hypothesis rather than the latter. As Schemmel notes, 
“Harriot's interpretation of his free fall experiments relied crucially on the identification 
of weight with velocity, or, more generally, on the Aristotelian assumption of a 
proportionality of force and velocity.”60 Despite Harriot's discovery of some of the first 
crucial results of what is now referred to as classical mechanics, such as the times 
squared law and the dependence of velocity on time, his work resided firmly within a 
pre-classical Aristotelian paradigm61. 
                                                          
58 Reproduced with the permission of the British National Library 
59 (Stedall, Schemmel and Goulding 2012) 
60 (Schemmel 2008, 130) 
61 Harriot's evaluation of the second experiment was considerably more complicated than this very short 
overview. Harriot developed a number of new mathematical tools to help him analyse his results. The 
full details have been covered by Schemmel, 2008, Chapter 5. 
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Figure 1062: Folio S-1463. A Graphical Representation of the Results of Harriot's 
Second Experiment 
Harriot used this meticulous process of questioning, calculating, and checking for other 
issues in mechanics. For example, Schemmel64 describes Harriot's later search for 
the relationship between the range of a shot and its initial angle of elevation. Harriot 
constructed a method which allowed him to calculate, among other things, the correct 
angle to produce the theoretical maximum range of a projectile. He then compared the 
results he had produced with field measurements available to him in contemporary 
literature, mostly books on practical gunnery. Notably, Harriot used his theory to 
                                                          
62 Reproduced with the permission of the British National Library 
63 (Stedall, Schemmel and Goulding 2012) 
64 (Schemmel 2008, 185) 
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construct an explicit proof of the parabolic shape of projectile trajectories, although he 
believed the trajectory to be parabolic before he started working on this problem. And, 
like Galileo, Harriot used knowledge he gained from experiments with balls rolling on 
inclined planes to aid his understanding of naturally accelerated motion65. 
From this short look at Harriot's work, many differences with Galileo's program can be 
discerned. Galileo proceeded by identifying a correspondence between two 
phenomena, either from a planned experiment or a casual observation, and set about 
trying to prove that correspondence, both mathematically and experimentally. Galileo's 
work in the early 1600s often simply consisted of trying to find a proof for the 
correspondences he suspected existed in nature. These attempted proofs challenged 
the theoretical apparatus that Galileo had access to, requiring him to build new 
structures which led to the theorems which formed the bulk of Day 3 of the Discorsi. 
While both Galileo and Harriot frequently dealt with identical questions associated with 
projectile motion of objects such as cannonballs, and just as often come to similar 
conclusions, their process of discovery rarely looked alike. In spite their many 
differences, Harriot achieved many of the same results as Galileo; results that would 
become the theoretical cornerstones of classical physics: the parabolic shape of 
projectile trajectories, the decomposition of motion into horizontal and vertical 
components, the law of fall, the times squared law, etc. 
Both men compared the projectile trajectory to motion on an inclined plane, yet Galileo 
used the hanging chain and, most importantly, the pendulum as his primary objects of 
comparison to projectile motion. For Galileo, the symmetrical nature of the projectile 
trajectory was one of the crucial results of his early investigations with Guidobaldo; 
this belief guided his later work. But Harriot did not require projectile trajectories to be 
symmetrical, they only happened to be so. Harriot was preoccupied with making his 
algebraic formula produce quantitative values for the range of a projectile that were 
consistent with the numbers he found in the contemporary literature; only then did he 
construct a proof that his trajectories were parabolic. Galileo was far more interested 
in pursuing the parabolic shape of the projectile trajectory by positing a substantive 
connection between those trajectories and hanging chains. The parabolic shape of the 
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trajectory was a central result for Galileo, which directed much of his research. For 
Harriot it was merely incidentally true, a result he proved while pursuing a separate 
problem. 
 
Figure 1166: Constructed trajectories from folio H-216v67 with varying angles of 
elevation. Unlike Galileo, Harriot was not committed to the idea that projectile 
trajectories were symmetrical. He considered non-parabolic shapes (seen 
here) for projectile trajectories on several of his folios, based on empirical 
reports that the path of a cannonball was not symmetric in ascent and 
descent. 
That both Harriot's and Galileo's frequently chose the same problems to work on was 
not a coincidence, as they shared a background in the foundational documents of early 
modern mechanics. This program led them to many of the same types of experiments 
and concepts; they both compared projectile motion to motion on the inclined plane, 
for example. But they often differed on exactly what they considered important to 
understand about projectile motion. Harriot's lengthy quest to determine whether 
velocity is proportional to time or to space was not a prominent feature of Galileo's 
work, he was interested in the shape of the trajectory, with the relationship between 
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velocity and time found as a consequence of this interest. While both men used 
experiments to adjudicate their ideas, their differing interests led to different 
experiments and methods; Harriot had his quantitative, numerical predictions and 
measurements of “weight” and distance, Galileo drew theoretical curves and 
compared them to ones drawn by rolling balls. 
Galileo's experiments, as well as his commitment to the existence of correspondences 
in nature, served as prime movers for his program. When he saw two symmetries: that 
of the pendulum and the plane, and of the trajectory of a projectile and the hanging 
chain, he attempted to mathematically prove these correspondences. When this failed 
he returned to the experiments and measured the curves he produced. During his 
work on motion in the first decade of the 17th century, Galileo failed to find proofs for 
what he suspected, but he failed in suggestive ways, as these failures suggested 
alternate lines of exploration, leading to the many theorems of Day 3 of the Discorsi. 
We can thus discern at least two distinct, primary roles of experiment in Galileo's 
thought. Firstly, he used them as the source of novel insights and correspondences, 
such as his identification of the projectile trajectory with the shape of a hanging chain 
with Guidobaldo. Secondly, when he returned to these matters in the 17th century, 
experiment served a different role: as a justification for his beliefs (both to himself and 
others, in the Discorsi) when he was unable to mathematically prove them. Unlike in 
his experiments with Guidobaldo, the exact dimensions of the trajectories of motion 
were important, as he wanted to show that the two shapes of the trajectory and the 
hanging chain were equal. To this end he took quantitative data for both curves, 
although notably he did not record those data in Discorsi where he used experiments 
as a rhetorical tool in support of his analyses. 
These two uses of experiment cannot be understood without an appreciation of 
Galileo's commitment to the concept of correspondences between phenomena. 
Galileo did not typically take quantitative data as Harriot did, in the form of figures and 
tables, because this was not particularly important to his program. Instead he 
attempted to demonstrate, whether mathematically or empirically, the existence of 
correspondences. Quantitative data was useful only insomuch as it allowed those 
correspondences to be demonstrated. 
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Harriot's focus on quantitative data and mathematical relationships in his experiments 
reveals his identity as a practical mathematician rather than a natural philosopher. 
John Henry68 lists a number of modern historians who have lamented Harriot's failure 
to produce a coherent body of philosophical speculation, including John Shirley, John 
North, and Hilary Gatti. However Harriot was simply uninterested in the combination 
of mathematics with natural philosophy which Galileo spent thirty years trying to 
achieve. 
Harriot's work was characterised by the accomplishing of a series of limited goals, 
such as discovering the mathematical relationship relating velocity, distance, and time 
in projectile motion. To this end he created theories and performed experiments on 
those topics until he was sufficiently convinced he had come to a correct answer. 
Unlike Galileo, he consistently avoided taking his work into the realm of natural 
philosophy, preferring to deal with all things measurable and empirical, eschewing 
causes entirely. 
The Galilean Program 
In this chapter, we have seen how Galileo's program centred on the correspondences 
he saw between various phenomena of motion, such as the inclined plane and the 
pendulum, or the hanging chain and the projectile trajectory. Guidobaldo's inclined 
plane experiment with Galileo in 1592 was crucial for the formation of one of the 
correspondences Galileo would study: the hanging chain and the projectile trajectory. 
Galileo also rested his belief in the isochrony of the pendulum upon his personal 
experience working with pendulums. 
Galileo's desire to produce sound mathematical proofs for these correspondences 
formed the basis for his mechanical program when his interest in the field reignited in 
the first years of the 17th century. Galileo's commitment to these correspondences was 
so strong that he continued to pursue them even after he obtained evidence that his 
intuitions were incorrect, as in the case of the law of broken chords and the isochrony 
of the pendulum. The results that he obtained in his search for the isochrony of the 
pendulum became the core of the Third Day of the Discorsi. 
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Harriot did not have a program which can be as succinctly described as Galileo's. 
Harriot approached a number of different problems, and often concerned himself with 
producing empirically accurate mathematical models of phenomena such as projectile 
motion, rather than attempting to create a unified science of motion. Harriot often 
mixed his experimental results with mathematical considerations; experimental results 
were produced, and incorporated into mathematical models. Those models were then 
used to predict new results, which were checked against a new round of 
experimentation. 
While Galileo believed in the existence of substantive connections between diverse 
phenomena, correspondences, Harriot had no equivalent concept. Harriot sought to 
solve problems in motion as an end in itself, but Galileo did so as part of a broader 
program of unification, treating all phenomena of motion in the same way. Despite 
dealing with similar problems, and often obtaining the same result, Galileo and 
Harriot's programs were fundamentally different. 
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Chapter 2: Expérience and Correspondences in the Works 
of Mersenne 
Marin Mersenne (1588-1648) was a French Minim friar who was at the centre of a 
network of scientific correspondences from the late 1620s until his death. He was a 
close friend of Descartes, Pascal, Roberval and others, and corresponded with many 
of Europe's most well-known thinkers. During the 1620s he produced mostly 
theological works, such as Quaestiones Celeberrimmae in Genesim (1623), but even 
during this time he had an interest in music and mechanics, interests which became 
more prominent in the 1630s. 
The most common way to discuss Mersenne's approach to mechanics is that he was 
an empiricist who regarded “expérience”69, a word that did not distinguish between 
every day experience and controlled experiments, as the supreme arbiter of his 
philosophy. Mersenne believed that a purely mathematical mechanics was incapable 
of certainty; as such he regarded all mathematical reasoning as useful but of 
secondary importance; mathematical reasoning should be subordinated to empirical 
observations. 
Mersenne has typically been portrayed in the literature as a legitimiser of science70; 
he used his location as the centre of a vast correspondence and his position as a 
member of the clergy to coordinate the rise of the new natural philosophy in a way that 
would be minimally threatening to the Church. Prior to his work on mechanics, 
Mersenne's interest rested primarily in theological matters, and his defence of 
orthodox Catholic positions on topics such as the nature of miracles gave him the 
authority to act as a kind of intellectual middleman between the philosophical and 
religious establishment and the more radical elements of the emerging science. 
In this chapter, I will follow Mersenne's interest in Galileo's work from his enthusiastic 
adoption of Galilean mechanics in the early 1630s to his partial rejection of it ten years 
later, in the last 5 years of his life. I argue that Mersenne's eventual loss of faith in 
Galilean mechanics in general, and the law of fall in particular, was tied to his 
misunderstanding of Galileo's thought process, specifically Mersenne's failure to 
                                                          
69 Note: All translations from French and Latin in this chapter are my own unless otherwise stated. 
70 (Dear 1988), (Rapheal 2008), (Palmerino 1999), (Palmerino 2010) 
Max Kemeny  A Certain Correspondence 
Page 50 of 116 
 
recognise the importance of the correspondences between phenomena which drove 
Galileo's understanding of mechanics. 
As seen in chapter one, Galileo understood his work on mechanics as (at least 
partially) an attempt to uncover hidden correspondences between various objects and 
phenomena, such as the hanging chain and projectile trajectories. Galileo was 
committed to the existence of these correspondences by 1604 at the latest, and they 
motivated much of his research program. Without appreciating correspondences 
between phenomena, which Galileo believed in so strongly, Mersenne relied on 
empirical evidence to justify his faith in Galilean mechanics. When Descartes' criticism 
of Galileo pressed that faith to breaking point in the 1640s, Mersenne fell back on 
many of the ideas of his youth, returning to a pre-Galilean understanding of 
mechanics. 
In addition, I will show that the traditional picture of Mersenne as a positivist is 
inaccurate. Much has been made of Mersenne's reliance on expérience as the 
supreme arbiter of worldly knowledge. In this chapter I will show that, although this 
was in large part true for Mersenne's work on mechanics during the 1630s, expérience 
lost its importance in the final few years of Mersenne's life, when he was preoccupied 
with worries regarding the physical cause of gravity. While Mersenne was deeply 
committed to empiricism, his reputation as a strict positivist is out of date. 
I show that Mersenne relied on expérience in the 1630s not because of a deep 
commitment to positivism, but because he had no other choice. Without an 
appreciation of Galileo's correspondences between various phenomena, he relied on 
agreement with observation to legitimise Galilean mechanics. Mersenne's embrace of 
expérience as the only legitimate path to knowledge was in large part a consequence 
of his acceptance of Galilean mechanics, not the other way around. When his 
infatuation with Galileo faded in the 1640s, so too did Mersenne's reliance on 
expérience to legitimise his ideas, and he became much more open to paths to 
knowledge other than direct empiricism. 
The Rise and Decline of Mersenne's Interest in Galilean Mechanics 
Mersenne's interest in Galileo's work on mechanics varied over time, from his growing 
interest in the subject in the late 1620s, to his full conversion to Galilean mechanics in 
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the 1630s (during which time he integrated much of Galileo's work into his own books, 
and produced a French adaptation of the Discorsi), to his eventual reversion in the 
1640s to some of the pre-Galilean ideas of his youth. The most thorough treatment of 
Mersenne's intellectual evolution is Peter Dear's Mersenne and the Learning of the 
Schools71; recent scholarship has also focused on Mersenne's conversion to and 
eventual retreat from Galilean mechanics72. 
Mersenne's pre-1630 opinions on mechanics can be broadly classified as traditionally 
Aristotelian, although there were some differences with the medieval tradition. As late 
as 1631 Mersenne denied the natural acceleration of falling bodies, instead asserting 
that falling bodies quickly acquire a very large velocity and then stop accelerating73. 
Peter Dear74 writes that “Mersenne rejected Beeckman's assertion that bodies 
naturally accelerate as they fall... Mersenne's own experience failed to show that 
bodies accelerate naturally. In fact, if anything, experience seems to indicate that they 
slow down somewhat as they fall.”75 However, by 1633, he was no longer denying the 
acceleration of naturally falling bodies, and had adopted Galileo's odd-number rule, 
which he reprinted in his Traite de Mouvemens76 and Harmonie Universelle77. These 
works were heavily edited translations of Galileo's books, which Mersenne 
supplemented with replications of Galileo's experiments as well as some original 
experiments. Mersenne's 1636-37 Harmonie Universelle is not to be confused with his 
1627 Traite de l'Harmonie Universelle. To avoid confusion, I will always refer to the 
latter by its full name. 
During this time Mersenne and Galileo may have corresponded. Three letters 
addressed to Galileo from Mersenne are extant, but no replies from Galileo to 
Mersenne survive, making the existence of any correspondence uncertain78. 
Nevertheless, it seems possible that Galileo eventually did make contact with 
Mersenne, as Galileo's other correspondences with Peiresc and Diodati contain many 
                                                          
71 (Dear 1988) 
72 (Garber 2004), (Palmerino 2010) 
73 Mersenne believed that a body would reach a constant velocity within a couple seconds of fall. 
74 (Dear 1988) 
75 (Dear 1988, 182) 
76 (Mersenne 1634) 
77 (Mersenne 1636-7) 
78 Galileo certainly received them; he complained in a letter to his friend Elia Diodati that he could not 
read Mersenne's handwriting. Perhaps this explains why he did not reply! 
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references to him and his ideas79. At the very least, Galileo was familiar with 
Mersenne's work and interest in him. 
Mersenne's attraction to Galilean mechanics seemed to be based on its ability to 
provide quantitative laws, such as the law of fall, which could be used to predict 
phenomena. While Galileo was very successful at providing such laws, his work 
deliberately avoided talking about the causes of fall, and remained a purely kinematic 
exercise. In the 1630s Mersenne adopted this attitude towards mechanics, writing that 
“It is enough to explain the phenomena of nature, since the human mind is not capable 
of possessing the causes and principles” in his 1634 Traite des Mouvemens. 
Mersenne had been sympathetic to this kind of scepticism about causes since the 
1620s, as it appeared to present a path for the Church to adopt the best parts of the 
new science in a non-threatening way. This led him to view Galileo's mechanics in a 
favourable light80, which resulted in him becoming further convinced that pursuit of 
causes was a philosophical dead end. This attitude dominated Mersenne's philosophy 
for most of the 1630s: investigation of causes is to be rejected, hence natural 
philosophy can only proceed through a reliance on strict empiricism based on 
quantitative mathematical analyses of experiments. 
However by the 1640s, probably due to Descartes' influence, he began to believe that 
not only was it possible to explain the causes of fall, but that any possible mechanical 
explanation would be incompatible with Galileo's law of fall. In a letter to the 17 year 
old Christiaan Huygens in 1646, Mersenne made a number of statements that flatly 
contradict basic Galilean results, such as rejecting the parabolic shape of the projectile 
trajectory. He writes that even in the absence of air resistance, the path of a projectile 
would not be truly parabolic: “The parabola which you suppose constitutes projectile 
motion, with air not being considered, is not quite accurate, for it would be necessary 
that the impetuosity communicated to the missile never cease, yet the qualities that 
                                                          
79 (Baumgartner 1988, 179) 
80 But he only began to view Galileo favourably in late 1620s, in 1623 Mersenne considered Galileo “an 
enemy of the true religion”. Mersenne changed his mind about Galileo after reading an informally 
circulated paper on mechanics, where he noticed this rejection of causes in Galileo's thought. It made 
enough of an impression on Mersenne that he became Galileo's foremost advocate in France, despite 
the fact that he did not accept Copernicanism. 
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impress themselves easily, like impetus, also dissipate themselves very easily and 
quickly”81. 
This characterises the horizontal motion of a projectile as violent and sustained by an 
impetus that would spontaneously decay even in the absence of air resistance, an 
interpretation of projectile motion that is clearly opposed to both Descartes and 
Galileo's understanding of motion. In the same letter Mersenne also voiced his doubt 
of the natural acceleration of falling bodies as being inconsistent with experience, a 
return to his 1620s position on the matter. 
Additionally, in his 1647 Novarum Observationum Physico-Mathematicarum, he lists 
Galileo's odd-number rule as one possible law among many; retreating from his stance 
in the 1630s that the odd-number rule was the only law which agreed with observation. 
As Dear82 and Palmerino83 have argued, Descartes' Principia Philosophiae almost 
certainly played a major role in Mersenne's retreat from certain elements of Galilean 
mechanics. Specifically, Descartes' influence led Mersenne to doubt that the odd 
number law of fall could be reconciled with any physical interpretation of gravity. 
Mersenne's loss of faith in the law of fall led him to question Galilean mechanics in 
general, and Descartes' failure to offer a viable alternative to Galilean mechanics led 
Mersenne to return to some of the ideas of his youth. 
Mersenne was unable to respond to Descartes because he viewed much of Galileo's 
work in a fundamentally different way than Galileo himself. Dear84 (1988, p. 136) notes 
that while Galileo viewed “the mathematical regularity of uniform acceleration” as a 
type of paradigm which covered a variety of different phenomena, and from which 
actual cases deviated due to accidental circumstances, Mersenne viewed cases such 
as the law of fall as simple empirical regularities. While Galileo was committed to the 
idea that his mathematical laws reflected an underlying reality, Mersenne merely saw 
them as useful tools. 
Mersenne therefore was not looking for anything like Galileo's correspondences, 
connections between phenomena based on shared properties, during his 
                                                          
81 (Mersenne 1932, 539) 
82 (Dear 1988, 215) 
83 (Palmerino 1999), (Palmerino 2010) 
84 (Dear 1988, 136) 
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experiments, as he did not think that those existed, or if they did then they were 
impossible to discover. Instead he was looking for useful empirical rules that would 
describe how bodies actually moved. Mersenne was uninterested in providing rigorous 
mathematical proofs of these rules because such an enterprise was simply irrelevant. 
Expérience would judge the value of those rules, not mathematics. 
While Galileo's work on mechanics stemmed in large part from his commitment to the 
existence of correspondences (as seen in the first chapter), Mersenne did not believe 
in such correspondences and hence did not pursue the proofs that Galileo did. This 
difference of opinion highlights a striking feature of Mersenne's experimental work, 
relayed in texts such as Harmonie Universelle, which unlike the Dialogo contain 
absolute values from experiments alongside proportions. Galileo had little interest in 
absolute values of experiments such as free fall85 but Mersenne found them important 
enough to inject into his texts. This difference is reflective of the two men's different 
understanding of the rules of motion that they sought to describe; Galileo recorded the 
proportions that were necessary for his geometrical work, whereas Mersenne required 
absolute values to make accurate predictions of real falls. 
Galileo's lengthy quest to mathematically demonstrate the isochrony of the pendulum 
appeared to Mersenne to be a pointless enterprise. When experiments showed that 
simple pendulums were not truly isochronous, Mersenne simply accepted that result, 
chastising Galileo for trying to worm his way out of the experimental verdict. Mersenne 
did not understand the motivations that lay behind Galileo's mechanical program, and 
therefore could not understand why Galileo went against what he saw as the clear 
verdict of expérience. 
Mersenne walked the line between the new and the old science. He tried to downplay 
its novelty while others such as Descartes and Galileo celebrated it, stridently 
opposing traditional Aristotelian philosophy and mechanics. Unlike his colleagues, 
Mersenne never felt the need to express overt anti-Aristotelean views, despite the fact 
that his work within the new science was obviously incompatible with Aristotelian 
                                                          
85 This is at least true for his published works; Galileo recorded numerical data in tables in several of 
his unpublished papers; see (Bertoloni Meli 2004). 
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physics. He in many ways fits into the traditional narrative of Jesuit science86; even 
writing a letter to the pope during the 1633 trial to express his support for Galileo87. 
Mersenne's Early Works and First Interest in Mechanics 
By the late 1620s, Mersenne's academic interest had turned in large part towards 
mechanics; prior to this much of his work had been of a theological bent, although he 
touched on mechanics in a number of his early publications, such as his 1623 book 
Quaestiones Celeberrimae in Genesim. In it, Mersenne attacks the theories of Robert 
Fludd, the English occultist, writing that Fludd tried to impose on nature a preconceived 
plan, rather than letting nature speak for itself through observation. Fludd conceived 
of the cosmos as existing in a state of harmony, with a direct analogy to musical 
instruments. Mersenne dedicated a large section of his 1627 Traité de l'Harmonie 
Universelle to refuting Fludd's ideas, stating that “We must therefore conclude that 
Fludd's Mundane Harmony has no other foundation than his imagination.”88 
Despite his focus on Catholic apologetics in the 1620s, Mersenne frequently displayed 
an interest in the mathematical sciences; his 1624 L'Impeiete des Deistes contains 
several chapters on astronomical matters89, bearing no relevance to the rest of the 
book's anti-deist polemic. Mersenne's theology was influenced by his ideas about the 
structure of the natural world; his defence of miracles rested on the existence of 
regularities of nature; miracles occur when those natural regularities are suspended 
by God. While the idea of regularities of nature, or their attribution to God, was hardly 
a novel concept in the early 17th century, this attitude prefigures Mersenne's later work. 
It suggests that those regularities could be uncovered through a careful examination 
of expérience, but their ultimate causes were inscrutable as they relied directly on God. 
Mersenne's next book, La Verite des Sciences, took aim at Pyrrhonism, a form of 
Greek scepticism revived in this period by the translation of Sextus Empiricus' works 
                                                          
86 Although not a Jesuit himself, Mersenne was educated by Jesuits and is often mistaken for one. 
87 In a letter to Mersenne on the 30th of May, 1633, Beeckman writes “Utinam Pontifex quae scribis de 
Galilei libro, cavisset!”, “If only the pope, who you wrote to regarding Galileo's book, would have decreed 
it!” [i.e. would have acquitted Galileo], referring to then ongoing trial of Galileo. (Mersenne 1932, 405) 
88 Il faut donc conclure que l'Harmonie Modaine de Flud n'a point d'autre fondement que son 
imagination. (Mersenne 1627, 446) 
89 It's worth noting that Mersenne was actively opposed to Copernicanism at this point in his career. 
Later his views seem to have softened, declaring that the truth will never be known about the motion of 
the Earth. 
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in the 1560s, and was quickly adopted by a number of thinkers, such as Michel de 
Montaigne90. Pyrrhonism denied the possibility of any kind of reliable knowledge due 
to the inherent fallibility of man. In combating this view Mersenne implicitly conceded 
that Aristotelian science, driven by knowledge of essences which the Pyrrhonists 
considered epistemically inaccessible, could not provide an adequate response to this 
criticism91. 
Instead, Mersenne tried to base his defence of certain knowledge on the senses, a 
defence that had precedent in traditional Thomist philosophy. Although the senses 
could deceive, such deception could be avoided by using all the external senses in 
conjunction with the common sense. Mersenne noted that, although men could doubt 
their senses, there are some things that no one could doubt, such as the heat of fire, 
which would “burn those who doubted it, so that the heat would draw forth witness of 
the truth from their sense and their mind”92. Although Mersenne concedes that some 
sceptical arguments are reasonable, he rejects the extreme conclusion as contrary to 
empiricism. His position thus becomes a hybrid of these positions: a sceptical 
empiricism93.  
So in the middle of the 1620s Mersenne had been driven to a stance of sceptical 
empiricism not due to some inherent affinity to that epistemology, but to counter what 
he saw as a threat to traditional Church teachings. This forced him into an intellectual 
position that ultimately made him receptive to Galileo's thoughts on mechanics when 
he was exposed to them a few years later. However Galileo was not Mersenne's first 
foray into mechanics; his study of the subject dates to at least the early 1620s and 
probably earlier. 
Mersenne's early interest in mechanics was influenced primarily by the neo-
Archimedean traditions of Northern Italian writers such as Guidobaldo del Monte, as 
well as the pseudo-Aristotelian Questions of Mechanics, which was considered 
genuine at the time94. Guidobaldo and his followers were also heavily influenced by 
this text despite its emphasis on dynamics, a topic which Guidobaldo typically tried to 
                                                          
90 (Popkin 2003) 
91 (Dear 1988, 39) 
92 Dear’s Translation, (Dear 1988, 41) 
93 Popkin (2003) describes Mersenne's sceptical empiricism in more detail. 
94 (Rose and Drake 1971) 
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avoid. Guidobaldo asserted that Archimedes “made more explicit and plain the 
principles of mechanics”95, placing the principles contained in Questions of Mechanics 
onto a firm mathematical footing. 
In Quaestiones Celeberrimae in Genesim, Mersenne uses the Questions of 
Mechanics in one of his thirty six proofs for the existence of God, which he repeats in 
L'Impiete des Deistes96. Mersenne's proof revolved around the Questions of 
Mechanics' view of the circle as both the efficient and final cause of mechanics97. The 
circle's simplicity and comprehension of all angles within that simplicity mirrors God's 
comprehension of all within himself. By an analogy which is shaky at best, Mersenne 
argues that God, like the circle, is the original cause of mechanics, and that mechanics 
therefore bears witness to his existence. 
Such demonstrations of the existence of God were of dubious persuasive value. 
Nevertheless, this attempted proof shows that Mersenne was at the very least 
reasonably acquainted with a major foundational text of 17th century mechanics as 
early as 1623. Quaestiones Celeberrimae in Genesim also shows Mersenne's 
commitment to co-opting modern interests, such as the new mechanics, into his 
traditionally Thomist world view.  
From these works in the early and mid-1620s we can see Mersenne's later views start 
to take form. His retreat from scholastic philosophy in La Verite may have been merely 
a rhetorical tactic to present as strong a case against Pyrrhonism as he could, but it is 
more likely that it constituted a genuine break with traditional Aristotelian philosophy. 
Mersenne certainly continued to express interest in both Aristotelian and neo-
Archimedean mechanics in the late 1620s in works such as Traite de l'Harmonie 
Universelle. By the 1630s his retreat from traditional Aristotelian mechanics was 
essentially complete, due in no small part to his conversion to Galilean mechanics, 
although he never publicly criticised Aristotelian mechanics as Galileo and others did. 
Although Mersenne gave up Aristotelian mechanics, he remained loyal to the Thomist 
theological tradition, believing that the new mechanics could be reconciled with 
                                                          
95 (Dear 1988, 118) 
96 Dear appears to have a rather low view of Mersenne's thirty six proofs. He notes that had any one of 
them actually been a proof, Mersenne would not have had to supply the other thirty five. 
97 (Dear 1988, 199) 
Max Kemeny  A Certain Correspondence 
Page 58 of 116 
 
traditional Church doctrine. In La Verite98, Mersenne wrote that “Aristotle is an eagle 
in philosophy, and the others are like chicks, who wish to fly before they have wings”99. 
Garber (2004) supposes that Mersenne was likely drawn to Galileo's mechanics in 
particular, as opposed to his other beliefs such as heliocentrism, because he saw 
mechanics as metaphysically neutral; it did not pose a threat to the Thomist and 
Aristotelian philosophy which the Church favoured and Mersenne defended100. The 
fact that Aristotle seemed to be a founder of the field (through Questions of Mechanics) 
meant that Mersenne had little reason to see it as an anti-Aristotelean exercise, 
despite Galileo's overt anti-Aristoteleanism. 
Furthermore, Mersenne's focus on expérience and practical mathematics as the 
grounds for knowledge foreshadowed his positioning of these at the centre of his 
mechanical considerations. In La Verite, Mersenne defends the necessity of 
mathematics in philosophy by pointing to “the fruit that may be drawn from... practical 
mathematics”101. Mersenne's commitment to mathematics only extended to practical 
mathematics; he had no time for abstract mathematical proofs that were not ultimately 
grounded in expérience. In his 1627 Traite de l'Harmonie Universelle, Mersenne 
presents a union of statics and dynamics based on an analysis of the balance. 
Mersenne's Growing Interest in Galilean Mechanics and The Traite des 
Mouvemens 
In the 1620s Mersenne was, to a large extent, committed to Aristotelian mechanics. 
Moreover, he was not particularly sympathetic to the new sciences; in the preface to 
Quaestiones Celeberrimae in Genesim, he provides a list of names of enemies of the 
true religion, including Galileo, Campanella, Kepler, and Gilbert, probably due to their 
advocacy of heliocentrism and rejection of traditional Aristotelian philosophy. However 
his attitude towards mechanics was more liberal; the 1627 Traite de l'Harmonie 
Universelle contains lengthy sections on mechanics, which Mersenne used in support 
                                                          
98 (Mersenne 1625, 110) 
99 Garber's (2004) translation. He also notes that this analogy, of philosophers as eagles, was used by 
Galileo in Il Saggiatore, two years prior to the publishing of La Verite. Mersenne may have taken this 
phrase from Galileo. 
100 It's worth noting that this was not generally accepted at the time; Garber notes that Benedetti's books 
contain numerous references to Aristotelian philosophy as fundamentally conflicting with the 
Archimedean mechanical program. 
101 Le fruit qui se peut tirer... de l'Arithmetique practique. (Mersenne 1625, 522) 
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of his theories on harmonies. At this stage Mersenne was probably unaware of 
Galileo's thoughts on mechanics102. 
By 1629; Mersenne's view of Galileo seems to have shifted considerably, as he sent 
a letter to him on the 1st of February of that year. According to the letter, Mersenne 
had tried to contact Galileo three or four years previously, but had not received a 
reply103. Much of the letter deals with musical questions, however towards the end of 
the letter Mersenne refers to Galileo's work on mechanics, and offers to help publish 
a new work on the motion of the Earth; Mersenne writes: “We've also seen a tract on 
Mechanics, which is judged to have originated from your hand, at the end of which you 
try to determine the strength of the blow of a hammer or of some other matter. 
Moreover, that you've finished by your hands a new system of the motion of the Earth, 
which still you're unable to publish due to the prohibition of the Inquisition.”104 
So, by 1629 at the latest, and probably for a few years prior to that, Mersenne had 
removed Galileo from his 1623 list of opponents of the true religion that no self-
respecting Christian would associate with. Additionally, in every work after this period 
which dealt with mechanics, Mersenne's principles bear the obvious mark of Galileo; 
Mersenne's next work after the Traite de Harmonie Universelle of 1627 which dealt 
specifically with mechanics was the 1634 Traite des Mouvemens. The former was not 
based on Galilean mechanics, while the latter was. The Traite des Mouvemens 
provides an interesting example of Mersenne's perspectives on what the most crucial 
aspects of Galileo's work were. As we shall see, Mersenne considered the law of fall 
as the principle result of the mechanics in Galileo's Dialogo, however he did not 
interpret it in the same way as Galileo. 
In 1634 Mersenne published a short, 25 page pamphlet entitled Traite des 
Mouvemens, et de la Cheute des Corps Pesans, et de la Proportion de leurs 
                                                          
102 See (Garber 2004) 
103 Mersenne writes: “Already I've written to you once, most learned gentleman, and I had given my 
letters to D. Vertamont, consul of the Paris Senate... but we have both been waiting in vain for a 
response from you for three or four years... I suspect they didn't come into your hands.” “Iam semel ad 
te scripseram, vir eruditissime, dederamque meas litteras D. Vertamont, Senatus Parisiensis 
consiliario... sed frustra responsionem abhinc 3 aut 4 annis a te ambo expectavimus... suspicor eas 
minime ad tuas manus pervenisse.” These are the first two sentences of the letter. (Mersenne 1932) 
104 “Vidimus etiam tractatum Mechanicorum, quem e tua manu putat ortum, in cujus fine conaris vim 
ictus mallei aut alterius rei definire. Praeterea te systema novum de motu terrae perfectum habere prae 
manibus, quod tamen ob prohibitionem Inquisitionis non possis divulgare”. 
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Differentes Vitesses. (Treatise on Motion, and regarding the Fall of Heavy Bodies, and 
the Proportion of their Various Speeds). In it, Mersenne presents several experiments 
he claims to have conducted to demonstrate Galileo's law of fall, and two tables 
created to illustrate that law. The bulk of the argument has been lifted almost directly 
from Galileo's Dialogo, however Mersenne extends it in two ways. Firstly, the table he 
constructed contains data that would hold for all falls that humans could produce; 
being large enough to accommodate falls “from the tallest towers and down the 
deepest mines”. Secondly, he extended Galileo's calculations for purely theoretical 
falls from cosmological bodies. 
Mersenne begins by promising to establish whether bodies accelerate as they fall, and 
the “proportion that (heavy bodies) hasten their descent (during fall)”105. He devotes 
much of the text to grounding his results in the physical world, noting the difficulty of 
experimenting with short falls he decided to drop balls from high places. From this 
data, he claims to have derived the law of fall, i.e. that the spaces grow in the duplicate 
ratio of the times106. 
Mersenne provides a table that displays the results of this law for the first thirty units 
of time (see Figure 12). The first column is the natural numbers 1 to 30, representing 
the first 30 units of time (Mersenne uses half seconds as his base unit, although he 
notes that the law holds for whatever unit is chosen), although he does not mention 
how he measured time. The second column is the difference of the squares, 
representing the distance travelled by the body in that unit of time. The third column is 
simply the second column multiplied by three, and the fourth column is a running total 
of the third column, representing the total distance travelled by the body up to that 
point. This was not a table of experimental results, all values have been obtained from 
calculation following Galileo's law of fall. These results will then be compared to data 
gained from experiment. 
                                                          
105 The full text reads: “Determiner si le corps pesants descendent plus viste en approchant de leur 
centre, qu'au commencement de leur mouvement, et en quelle proportion ils hatent leur descente: où 
l'on voit la maniere de trouuer la cheute des choses pesàntes dans toute fôrte de temps.” (Mersenne 
1634, 1) 
106 que les espaces croissent en raison doublée des temps 
Max Kemeny  A Certain Correspondence 
Page 61 of 116 
 
 
Figure 12: Mersenne's Table of Fall. The data contained in this table has been 
calculated, rather than measured. 
Mersenne states that he had performed a series of experiments whereby he dropped 
a ball from various heights, stating that the ball fell 147 Parisian feet107 in three and a 
half seconds, 108 feet in three seconds, and 48 feet in two seconds, from which he 
concluded that “the speed of the ball increases in the duplicate ratio to the spaces”108. 
The accuracy of Mersenne's numbers casts serious doubts on whether this was a real 
                                                          
107 A Parisian foot is approximately 324.8mm, so 147 Parisian feet would be a drop of 47.75m. 
108 J'ai donc experimenté qu'une balle de plomb descend 147 pieds dans trois secondes & demie; 
qu’elle descend 108 pieds dans trois secondes... D'où je conclus que la vitesse de cette balle 
s’augmente en raison doublée des espaces. 
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experiment; he claims to have accurately timed a free fall of almost fifty metres and 
obtained results that were in exact accordance with the law of fall! 
The difficulties involved with performing an experiment like this would have been well 
known to his contemporaries; the lack of accurate timekeeping tools would have 
hindered Mersenne greatly, and the idea that he would have been able to find 
somewhere to drop the ball from which was exactly the correct height is suspicious109. 
Furthermore, the text contains no description regarding how the experiment was 
performed, unlike Galileo who frequently provided instructions intended to allow the 
replication of his experiments (although they too were often less than wholly accurate 
accounts). Mersenne wants his readers to take him at his word that the experiment 
was performed properly and the results recorded faithfully, but without these details 
Mersenne fails to make a convincing case. 
The next experiment Mersenne relates is a replication of a Galilean experiment. 
Mersenne promises “To examine the experiment on fall which Galileo speaks of in his 
Dialogues on the Motion of the Earth110.” The experiment in question is the fall of a 
heavy body from a height of a hundred brasses111, which Galileo mentions in the 
second day of the Dialogo as a way of demonstrating to Simplicio the falsity of 
Aristotle's contention that the velocities of descending heavy bodies are in the same 
proportion to one another as their weights. Galileo claims that he has determined “by 
repeated experiments” that a 100 pound body falls 100 braccia in 5 seconds. Galileo 
then combines this empirical knowledge with the law of fall to calculate that this body 
would take 3 hours, 22 minutes and 4 seconds to fall from the surface of the Moon to 
the centre of the Earth. 
Mersenne states that Galileo's claim “is true according to my expériences”, noting that 
the Florentine units of measurement are different from the Parisian units which 
Mersenne uses, and then repeats the calculation of the time of a ball descending from 
the Moon to the Earth. Much of the rest of the paper is in fact simply a restatement of 
                                                          
109 I have personally performed an experiment similar to what Mersenne describes here. Even using 
two stopwatches and heights half of what Mersenne claims, I found it very difficult to get results good 
enough to confirm Galileo's law of fall. The idea that Mersenne could have gotten results as accurate 
as he claims from a real experiment seems to me impossible with the materials he had available to him. 
110 Examiner l'experience des chutes dont parle Galilee dans ses Dialogues du mouvement de la terre. 
111 A brasse is equal to 5 Parisian feet. 
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this section of the Dialogo, with Mersenne interjecting occasionally to state that 
experiments he has done have confirmed Galileo's results. Mersenne also extends 
Galileo's calculations of the duration of fall from the Moon, calculating the time of fall 
from the Sun and from the Firmament. 
However, in the last few pages of the Traite des Mouumens, Mersenne does depart 
from the material contained in the Dialogo, as he begins a discussion of the causes of 
gravity. Mersenne objects to “those who hold that the stones fall because they feel 
attracted to the Earth like a magnet”112. Mersenne points out that the pull of the Earth 
is much weaker than a magnet, as even a small magnet can defy the gravity of iron113; 
he also points out that if the Earth was like a magnet then falling bodies would not 
have constant acceleration, as bodies closer to the ground would feel a stronger pull. 
As constant acceleration is necessary for the law of fall to hold, gravity cannot be like 
a magnet. 
While the Traite des Mouvemens contains very little actual experimentation, it is 
nonetheless revealing of Mersenne's attitude towards the justification of scientific 
results such as the law of fall. He ends the Traite with a statement abdicating 
responsibility for explaining the causes of fall: 
Whether it depends on attraction, or magnetism under the earth, we can say that 
bodies that fall keep the geometric proportion, especially as the activity of all 
kinds of natural agents decreases in the duplicate spaces: but I cannot doubt 
that we will invent several other reasons that bodies keep the proportion in their 
speed of fall, although it may be no less difficult to find the true way than to 
demonstrate whether the Earth is stable or mobile. That is why it is enough to 
explain the phenomena of nature, since the human mind is not capable of 
possessing the causes & principles.114 [Emphasis added] 
                                                          
112 Ceux qui tiennent que les pierres tombent a raiſon quelles ſent attirees par la terre comme par un 
aimant. 
113 Mersenne writes: est il poſſible qu'un petit aimant qui retient le fer resisiste au grand aimant terrestre? 
114 Si l'on tient quels depend de l'attraction, ou de la vertu magnetique de la terre, l'on peut dire que les 
corps qui tombent, gardent la proportion geometrique, d’autant que l’activité de toutes sortes d'agens 
naturels se diminue en raison doublée des espaces: mais je ne doute pas que l’on ne puiſſe inventer 
plusieurs autres raisons de la proportion que gardet les chutes dans leur vitesse, quoi qu’il ne ſoit peut 
etre pas moins difficile d’en trouver la vraye cause que de demontrer si la terre est stable ou mobile. 
Cest pourquoi il suffit d’expliquer les phenomenes de la nature, puisque l’esprit humain n’est pas 
capable d’en posseder les causes & les principes. (Mersenne 1634) 
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Here Mersenne displays the mindset for which he has become famous: while adopting 
the crucial results of early modern mechanics, he steadfastly refused to commit 
himself on matters which he believes “the human mind is not capable of possessing”, 
here manifested as a total rejection of dynamics. Under this mindset, empirical 
evidence is the only way to gain knowledge of nature. Natural knowledge derived from 
first principles is impossible, because those principles are fundamentally inaccessible. 
Natural philosophy is thus a descriptive enterprise, the ultimate goal of which is the 
discovery of mathematical laws which both accurately and generally describe the 
phenomena. 
This was not a new idea for Mersenne, it fits in comfortably with over 300 years of 
Thomist tradition. Mersenne has found a way for experimental science to be 
assimilated into mainstream Catholic theology. This is why he downplays the new 
science's novelty; it was not a political decision on Mersenne's part but an earnest 
belief. Where others demanded a dramatic break from the past, Mersenne saw 
continuity; he saw nothing dramatically new about science's commitment to 
empiricism. Mersenne reads Galileo not as a radical but a new Christopher Clavius 
(1538-1612), the Jesuit mathematician who championed the middle sciences115. 
Mersenne is somewhat mistaken on this point, he has missed genuine points of 
divergence in both Galileo's work and in the new science in general; Galileo was no 
Thomist. Mersenne's failure to appreciate that which was new in Galileo's work, 
including correspondences, is a result of his commitment to traditional Thomist 
empiricism, and once he had begun to interpret Galileo's mechanics in this way he 
became blind to any indication to the contrary. This explains his flippant dismissal of 
the isochrony of the pendulum, which was so central to Galileo's understanding of 
mechanics, and thus his failure to even notice Galileo's commitment to 
correspondences. 
It is therefore unsurprising that Mersenne chose this portion of the Dialogo to 
republish. The law of fall, and Galileo's subsequent application of it to calculate the 
time taken for bodies to fall from the Moon, are the section of Galileo's work which 
Mersenne felt was most representative of what the Galilean project ought to be 
                                                          
115 Galileo and Clavius corresponded extensively. 
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pursuing. Although Mersenne claims that he has related “numerous experiments” that 
he had made to confirm his calculations, the Traite des Mouvemens is almost entirely 
a theoretical work; Mersenne's claim to experimental verification is achieved through 
occasional remarks that his calculations have been confirmed by experiment. The 
Traite therefore serves as a demonstrative work intended to display the power of 
Galileo's law of fall, rather than as an empirical verification of it. 
Les Nouvelles Pensées de Galilée 
To appreciate the differences between Galileo's and Mersenne's approach to the study 
of mechanics, it is useful to take an example from the 1639 Les Nouvelles Pensées 
de Galilee, Mersenne's adaptation of the Discorsi, in slightly greater depth, making 
note of where it deviates from the original. I will be focusing on book four of Nouvelles 
Pensées, which roughly corresponds with day three of the Discorsi. This work was an 
adaptation, not a translation, because Mersenne related Galileo's ideas in his own 
words, often pausing to comment on sections where he disagreed with Galileo, which 
he frequently did, particularly when it came to experimental reports. Nevertheless, 
Mersenne follows Galileo's conceptual structure almost entirely, despite not noticing 
his commitment to correspondences. 
Book four begins with an article entitled “Containing the suppositions and the 
experiences of Galileo”, specifically with a definition of naturally accelerated motion. 
Following Galileo, Mersenne identifies the motion of a free falling body: “(Heavy 
bodies) acquire as much (motion) in the first moment as in the second, as much in the 
second as in the third”116 etc., and that bodies in fall “acquire equal speeds in equal 
times”117. 
Following these unremarkable Galilean definitions, Mersenne then moves on to 
Galileo's experience118, and it is here that the differences between Galileo and 
Mersenne become more interesting. Mersenne follows Galileo in justifying the time-
squared relationship through relating his expérience: 
                                                          
116 Ils en acquierent autant au premier moment qu'an second, au second qu'au troisiesme. 
117 Acquires des degrez esgaux de vitesse en des temps esgaux. 
118 Galileo uses a combination of common observation and careful experiment to make his point. 
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“Similarly, the ball which rolls from H to K, or A to D, or to C, has acquired as 
much speed, as if it had fallen from H to N, or from A to B: because in the one 
and the other descents, it approaches the centre of the Earth... from where it is 
easy to conclude that the moving body may acquire an equal speed from infinite 
different planes all of the same height: and can pass through a hundred or a 
thousand miles before acquiring as much speed as it acquires by falling down a 
foot long perpendicular plane.”119 
 
Figure 13: Mersenne's Inclined Plane from Nouvelles Pensées 
Here, Mersenne fluidly changes his analysis between direct expérience and abstract 
thought experiment (the thousand mile long plane). This is the same change that he 
made between realistic falls and falls from celestial bodies in the Traite de 
Mouvemens120. Up until this point, Mersenne had followed Galileo's work quite closely 
in terms of content. However, as Raphael121 notes, Mersenne has altered the structure 
of the discussion, with the effect that he obscures the connection between the 
experiment and the rest of the text. 
                                                          
119 De mesme, la boule qui aura roule de H en K, ou d'A en D, ou en C, aura acquis autant de vitesse, 
que si elle estoit descendue de H en N, ou d'A en B: parce qu'en l'une & l'autre de ses descétes, elle 
s'approche esgalement du centre de la terre... d'ou il est aise de conclure qu'un moble peut acquerir 
une egale vitesse par une infinite de plans differens tous de mesme hauteur: & qu'il peut faire cent ou 
mille lieues avant que d'acquerir autant de vitesse comme il en acquiert en descendant par un plan 
perpendiculaire d'un pied. (Mersenne 1639, 186) 
120 In fact, Mersenne frequently employed abstract but physically significant values as demonstrative 
examples, such as calculating how many octaves a string could reach if tensed by the weight of the 
entire Earth, in his Harmonie Universelle. He calculated 41 octaves. 
121 (Rapheal 2008) 
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To see this difference, we should read these two sections on the inclined plane 
experiment from Galileo's Discorsi and Mersenne's Nouvelles Pensees side by side122: 
Galileo's Discorsi: 
This operation being precisely established, we made the same ball descend only 
one quarter of the length of this channel, and the time of its descent being 
measured, this was found always to be precisely one half of the other. Next 
making the experience for other lengths, examining now the time for the whole 
length [in comparison] with the time of one half, or with that of two thirds, and 
finally with any other division, by experiences repeated a full hundred times, the 
spaces were always found to be to one another as to the squares of the times. 
And this held for all inclinations of the plane; that is, of the channel which the ball 
was made to descend, where we observed also that the times of descent for 
diverse inclinations maintained among themselves accurately the ratio that we 
shall find later assigned and demonstrated by the author.123 (Emphasis added)  
Mersenne's Nouvelles Pensées: 
And then having let it descend one quarter of the plane (in which there is a canal 
for guiding the ball), that is to say 3 brasses, he always remarked that the time 
of fall is precisely half the total fall. And finally having taken two thirds, three 
fourths, etc. of the said plane, he always found that the spaces run through were 
in the double ratio of the times.124 (Emphasis added) 
A significant difference between these two passages is that Galileo explicitly ties the 
result of the inclined plane experiment to a result which will be demonstrated later, in 
his Scholium arguing that the time-squared relationship applies to inclined planes. In 
contrast, Mersenne merely notes that the spaces through which the ball descends are 
to one another as the squares of the times, and does not indicate that it would lead 
into a more general discussion of the times squared relationship. In fact Mersenne 
delays this discussion for ten pages, and inserts a “Remarque” between these 
sections, further obscuring the connection between the inclined plane experiment and 
                                                          
122 This comparison was also made by Raphael (2008). 
123 (Galilei (1638) 1914, 213) 
124 (Mersenne 1639, 187-188) 
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the law of fall. While Galileo's account of the inclined plane experiment clearly shows 
it to be a particular case of a more general phenomenon, Mersenne treats it as just 
one more mathematical law discovered by experiment. 
Mersenne's failure to pick up on the connection between the inclined plane and the 
times squared law is unsurprising because, unlike Galileo, Mersenne was not at all 
interested in possible underlying connections between diverse phenomena, such as 
Galileo's correspondences between the string and the projectile trajectory. In fact, 
Mersenne omitted that section from his adaptation of the Discorsi in its entirety (as he 
did with many other sections; as much as 50% of the Discorsi's content was absent 
from Nouvelles Pensées). He may have recognised that it didn't serve a purpose for 
Galileo's larger argument; at least for someone who isn't committed to the notion of 
correspondences as Galileo was. Mersenne was likely uninterested in that section also 
because it did not provide any useful approximations or rules for actual phenomena. 
Mersenne failed to realise that Galileo did not use the example of the inclined plane 
merely as evidence for the law of fall. For Galileo motion on an inclined plane, just like 
the other phenomena he ascribed correspondences to, represents a model which can 
be extended beyond that specific example to a variety of types of motion. Recall that 
Galileo uses a discussion of the connection between the inclined plane and the 
pendulum to lead into his thirty eight mathematical propositions in the Third Day of the 
Discorsi. Whereas Galileo views the inclined plane as a crucial case study in motion, 
Mersenne reduces it to a simple experiment intended to demonstrate an empirical law. 
Mersenne's repeated mentioning of the fact that he was ignoring air resistance (which 
Galileo did not emphasise) supports this interpretation of the text. Mersenne is solely 
concerned with acquiring useful mathematical laws, any attempt at establishing the 
existence of fundamental causal factors (such as the nature of gravity) or connections 
between phenomena (such as Galileo's correspondences) is pointless, because he 
believes that they are epistemically inaccessible. His failure to notice the connections 
that Galileo sought after in his studies explains many of the differences between 
Galileo's Discorsi and Mersenne's Nouvelles Pensées, such as their differing opinions 
on the isochrony of the pendulum. 
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For example, Galileo introduces the Third Day's theorems with a discussion of 
pendulum experiment intended to demonstrate that “the speeds acquired by one and 
the same body moving down planes of different inclinations are equal when the heights 
of these planes are equal.”125. We have seen in the first chapter how important the 
connection between pendulum motion and motion on an inclined plane was for Galileo, 
and that he included this discussion in the Third Day despite its dubious effectiveness 
in proving the point that Galileo was trying to make. However, Mersenne removes this 
section entirely, speeding ahead to the theorems themselves, with no discussion of 
pendulums. He has not recognised the connection which Galileo believed existed 
between inclined planes and pendulums. 
Pendulum Experiments in Nouvelles Pensées 
In Nouvelles Pensées, Mersenne describes some experiments he had performed with 
half-pendulums; pendulums in which the bob strikes a plank of wood when it reaches 
the vertical position. These experiments allow him to test Galileo's assertion that the 
period of the pendulum is independent of the initial displacement angle, by releasing 
two pendulums simultaneously and listening for the sound of their bobs striking the 
wood. Mersenne concludes that Galileo was wrong about the pendulum's isochrony, 
stating that: 
If he [Galileo] had been more exact in his trials, he would have noticed that the 
string [of the pendulum] takes a sensibly longer time to descend from the height 
of a quarter-circle to the vertical position than when it is pulled aside only ten or 
fifteen degrees. This is shown by the two sounds made by two equal strings when 
they strike against a plank placed in the vertical position.126 
The fact that Mersenne recognised this when Galileo didn't wasn't because Galileo 
was a bad experimentalist. It was because Galileo was committed to the existence of 
correspondences between phenomena, possibly even leading him to ignore 
contradictory empirical evidence. If Galileo did notice that some experiments 
disagreed with his claim, he could have explained away the deviation in a number of 
                                                          
125 (Galilei (1638) 1914) 
126 (Mersenne 1639, 72-73) Translation by (MacLachlan 1976) 
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ways, such as blaming the extra air resistance along the longer trajectory127. In any 
case, when Galileo asserts the isochronism of the pendulum in the Fourth Day of the 
Discorsi, he does not appeal to experiment, but instead to mathematics, specifically to 
Proposition 36, Theorem 22 of the Third Day, that descents along broken chords are 
quicker than along a single chord to the bottom of a circle.128 
Whatever his rationalisation for disregarding experimental contradictions (if indeed he 
did), it is clear that Galileo felt he had good reason to ascribe isochronism to the 
pendulum in the Discorsi. It is also clear that Mersenne did not share this opinion, as 
he put Galileo's claim to the test and found that it disagreed with his expérience. As 
such, Mersenne discarded Galileo's claim, retaining only that which he felt he had 
good (i.e. empirical) reasons to support. 
This behaviour was typical of Mersenne's attitude toward Galilean mechanics. As we 
have seen, Mersenne relied on agreement with expérience to legitimise Galileo's ideas 
such as the law of fall. Unlike Galileo, whose views were motivated and legitimised by 
his belief in substantive correspondences between phenomena, Mersenne's belief in 
Galilean mechanics relied solely on empirical evidence. When Galileo asserted the 
existence of a phenomenon which made sense within his commitment to 
correspondences, but not when treated without that commitment, Mersenne could not 
justify taking Galileo at his word, and so rejected it. Thus the case of the isochrony of 
the pendulum is an example of how a philosophical difference between the two men 
translated into a significant difference of opinion on a physical law. 
Mersenne's Eventual Loss of Faith in Galilean Mechanics 
Mersenne's trust in Galilean mechanics generally, and the odd-number law of natural 
fall in particular, waned towards the end of his life. As the centre of a dizzying array of 
                                                          
127 Palmeieri (2009) argues that Galileo could have become convinced of the isochrony of the pendulum 
via experiment. I do not wish to adjudicate on such matters here, but it is a fact that Galileo decided to 
support this assertion mathematically rather than empirically when he presented it in the Discorsi. If 
Palmeieri is wrong and Galileo did recognise that his assertion disagreed with experiment, he may have 
justified his choice to ignore that evidence by attributing the pendulum's failure to act isochronously to 
an accident of nature, much as he did in his 1602 letter to Guidobaldo del Monte. Galileo was an 
experienced experimentalist who knew that there were all sorts of reasons why an experiment might 
fail to return the expected result. 
128 Although Galileo doesn't explicitly say so, it seems that he believed that the arc of a circle of which 
the straight line was the chord was the fastest possible path of descent for a body. This is not true, as 
proven by Huygens in the 1660s; the fastest line of descent is an inverted cycloid. 
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correspondences, Mersenne solicited opinions on natural fall from many authorities, 
and his letters revealed a growing scepticism regarding the odd-number law beginning 
in around 1640; a law that he had previously declared as confirmed by expérience. 
This scepticism was fed by the influence of individuals such as René Descartes and 
Honoré Fabri, and unassuaged by defenders of Galileo such as Jacques Alexandre 
Le Tenneur and Christiaan Huygens. 
By the 1640s, Mersenne began to doubt whether bodies accelerate through all 
degrees of motion during free fall, as Galileo had claimed and which Mersenne (and 
others) believed was essential to the validity of the odd-number law. Mersenne's doubt 
concerning the validity of the law of fall can be seen in several letters and papers from 
the period; his 1644 Cogitata Physico-Mathematica contains the following statement: 
Since therefore our progression by odd numbers […] has always seemed to 
agree with our experience, and it is confirmed by the weight of reasons, we will 
preserve it, until another progression is demonstrated by the illustrious sir 
[Descartes], who does not believe that heavy bodies are permitted to pass 
through all degrees of speed from the point of rest […], yet confesses that this 
progression is close to the truth.129 
Mersenne's language indicates that he has some misgivings about the progression of 
odd numbers, although without an alternative he has decided to stick with what agrees 
with his expérience. A few years later Mersenne's doubt regarding Galilean mechanics 
had grown even further; in his last work published during his life, the 1647 Novarum 
Observationum Physico-Mathematicarum, Mersenne states that: 
You see therefore that of these descents of bodies, which are commonly called 
heavy bodies, nothing deeper can be demonstrated as long as the principle, or 
the true and immediate cause, is unknown for which such or such bodies begin 
their way towards the centre, and how much they are aided or impeded in this 
way by all other bodies they meet or which surround them.130 
                                                          
129 Cum igitur illa nostra per numeros impares progressio […] semper experientiae nobis respondere 
visa sit, suisque rationum momentis confirmetur, eam retinebimus, donec alia demonstrata sit ab Illustri 
viro, qui licet gravia credat non transire per omnes tarditatis gradus a puncto quietis […], fatetur tamen 
hanc progressionem esse proxime veram. (Mersenne 1644, 52) 
130 (Mersenne 1647) Translated by Palmerino (1999). 
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Here Mersenne seems to have changed his mind quite dramatically, contradicting the 
opinion he expressed in the Traite de Mouvemens. He no longer appears to believe 
that the principles of gravity are inscrutable, and further he believes that the specifics 
of the descent of heavy bodies cannot be understood without knowledge of those 
principles. Mersenne was no longer citing Galileo's law of fall as an accurate 
description of falling bodies. 
Palmerino131 argues that Mersenne's worry had to do with the lack of a physical, 
mechanical interpretation of the phenomenon of gravity; which Galileo had of course 
declined to provide. Descartes' hypothesis that gravity was the result of downward 
pressure of subtle matter was mathematically incompatible with Galileo's odd-number 
law, as were similar hypotheses from colleagues such as Fabri and Gassendi. For 
Mersenne, “the only world in which the odd-number law rules over the fall of bodies is 
one in which their fall is produced by an inner force.”132 Mersenne did not believe that 
that explanation of gravity was compatible with a mechanistic world view; a criticism 
which he had heard from Descartes. 
Palmerino gives an excellent overview of Descartes' criticism of Galileo's law of fall, 
so it will suffice to briefly relate her points here. Descartes' criticism rested on the fact 
that any mechanistic explanation of gravity would require it to be produced by an 
external force acting upon falling bodies. This would mean that the falling body would 
not pass through all degrees of motion during its fall, but instead increase in discrete 
jumps, as individual particles impart their motion to the falling body, and that they 
would begin their fall with a non-infinitesimal degree of speed. It also meant that the 
acceleration would be strongest at the beginning of the fall, and taper out until it 
reached a point at which the body would no longer accelerate. These conclusions are 
all at odds with Galileo's law of fall, which begins infinitesimally and accelerates 
smoothly, constantly, and forever. 
I further argue that Mersenne's eventual loss of faith in the Galilean law of fall was due 
his failure to recognise the importance of the connections between phenomena which 
drove Galileo's interest in mechanics, such as Galileo's correspondences. As 
                                                          
131 (Palmerino 1999) 
132 (Palmerino 1999, 327) 
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Mersenne was not committed to the existence of such correspondences, he found it 
difficult to see a reason to hold on to the law of fall when it was incompatible with any 
possible mechanical explanation of gravity. Mersenne abandoned much of Galilean 
mechanics, however he did not replace them with Descartes' ideas either. 
Galileo's understanding of correspondences often relied on the dynamics of the 
phenomena he studied. This was the case with the projectile trajectory and the 
hanging chain; he first understood the connection between these phenomena as due 
to a shared origin. While Galileo publicly proclaimed his rejection of causes, an 
understanding causes was built in to his mechanics through the concept of 
correspondences. Mersenne, lacking an understanding of correspondences, could not 
avoid the question of causes forever, and he was eventually forced to begin 
confronting this problem near the end of the 1630s. Without the conceptual structure 
that correspondences provided to Galileo, Mersenne's commitment to Galilean 
mechanics cracked under Descartes' pressure, eventually breaking entirely. By 
accepting Galilean mechanics as dynamics-free, a claim that Galileo made but did not 
live up to, Mersenne was forced to ground his acceptance of it in empiricism, rejecting 
those parts of the program which contradicting experiment. But Mersenne could not 
avoid speaking of causes forever, and when forced into a discussion of causes by 
Descartes, his acceptance of Galilean mechanics slowly fell apart. 
Descartes' Influence on Mersenne 
As early as 1629 Descartes revealed to Mersenne the basic structure of his views 
concerning natural fall. In a letter to Mersenne dated 13th of November 1629, 
Descartes presents a picture of free fall where the falling body's speed grew 
proportionally with space; however, Descartes' understanding of the relationship 
between speed, time, and space was highly variable. Sometimes Descartes presented 
arguments in which speed grew proportionally to space, as it is given here; other times 
he presented arguments where speed grew proportionally to time, such as in a 1618 
paper133. These two opinions are incompatible, a point that Descartes seems not to 
have appreciated until the 1640s. 
                                                          
133 (Renn, Damerow and Freudenthal, et al. 1992) 
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In another letter to Mersenne dated 13th of January 1631, Descartes recanted his 
previous comments on motion, stating that it depended on the idea that the body 
began motion with “the slowest [amount of motion] imaginable and it always increases 
uniformly from there.” Descartes claimed that he has since changed his mind on the 
matter, and now considers that proposition false. He stated that “the true proportion 
regarding the increase of speed of a weight” could only be established through 
understanding the physical causes of fall, which he promised to investigate. This was 
the position eventually adopted by Mersenne in the 1647 Novarum Observationum, 
but in the early 1630s Mersenne had not seen Descartes' theories of fall, and could 
not have appreciated the reasons behind Descartes' rejection of an infinitesimally 
small initial speed of falling bodies. 
It was not until 1639 that Descartes revealed to Mersenne his reasons for believing 
that bodies do not pass through all degrees of motion; in a letter dated 19th of June, 
1639, Descartes wrote: 
Regarding what you wrote to me about the problem of weight, the stone C is 
pushed in a circle by the subtle matter and hence towards the centre of the earth; 
but the first [circular] motion cannot be perceived, because it is shared by the 
entire earth and the surrounding air, so that we are left with the second 
[centripetal motion] as a cause of weight. And this stone moves more quickly 
toward the end of its fall than at the beginning, though it is pushed less forcefully 
by the subtle matter: for it retains the impetuosity of its precedent motion, and 
whatever the action of the subtle matter adds to it leads to its increase.134 
Descartes was unable to translate his physical understanding of free fall into a law of 
fall. He was, however, able to convince Mersenne that Galileo's law of fall rested 
crucially on the propositions that acceleration during free fall is uniform and eternal, 
and that bodies pass through all degrees of motion during natural fall. Descartes was 
able to undermine these claims in the eyes of Mersenne by showing that they were 
incompatible with a mechanical understanding of fall. 
                                                          
134 (Palmerino 1999, 286) 
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By the traditional understanding of Mersenne as a positivist, this should not have been 
possible. Descartes' success in undermining Mersenne's confidence in the Law of Fall 
demonstrates that the traditional narrative is not accurate; Mersenne's claims that he 
was uninterested in causes all occur in the 1630s. By 1640 Mersenne's interest in 
causes had reignited135, and he retreated from his radical empiricism of the previous 
decade. 
It is in his first major work after 1639, the 1644 Cogitata Physico-Mathematica, that 
Mersenne first introduces Galileo's law of fall as tentative rather than actually correct. 
His acceptance of Galileo's law of fall is couched in speculative terms, referring to it 
as “close to the truth”, and promising to preserve it only until a superior law is 
demonstrated by Descartes. In fact, Mersenne fails to live up to his promise; by the 
1647 Novarum Observationum Mersenne had jettisoned the law entirely, and retreated 
to a position of agnosticism. 
Mersenne's Last Thoughts on Galilean Mechanics 
By the end of 1646 Mersenne had adopted Descartes' position that bodies do not pass 
through all degrees of motion. In a letter to the young Christiaan Huygens on the 13th 
of October, 1646, Mersenne writes: 
Moreover, to keep the proportion of odd numbers in the vacuum, it would be 
necessary that the body fall through all degrees of speed from the beginning of 
its fall, which does not happen despite Galileo thinking so, for the stone already 
has a certain speed in the beginning of its fall.136 
Huygens replied to Mersenne two weeks later, on the 28th of October 1646: 
The second objection was that in order to keep the proportion of the numbers 1, 
3, 5, 7, in a vacuum, it was necessary that the body fall through all degrees of 
slowness and that was the point, because the stone had a certain speed at the 
                                                          
135 See Palmerino (1999, 2010) for a more detailed description of Mersenne's interests in the early 
1640s. 
136 D’ailleurs il faudroit pour garder tousiours in vacuo la proportion des nombres impairs, que le grave 
tombast par tous les degrez de tardiveté, depuis le commencement de sa cheute, ce qui ne se fait pas 
quoy qu’aye pensé Galilée, car la pierre a desia une certaine vitesse, en commençant la cheute. 
(Mersenne 1932) 
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beginning of its fall. I say that without a doubt that it passes through all degrees 
of slowness, and that it begins with a lower speed than any given speed.137 
Both Huygens and Mersenne agreed that whether bodies pass through all possible 
degrees of speed was the crucial issue at hand. To that end, Huygens provides what 
he considers a proof of that claim. He states that falling bodies have to accelerate such 
that the distance travelled in the first interval of time stands to the distance travelled in 
the second interval of time in the same proportion as the distance travelled in the first 
two intervals of time stand to the distance travelled in both the third and fourth intervals 
of time. 
To put it in easier to understand terms: Huygens' principle is that any law of fall must 
give answers that keep the same ratio regardless of your choice of unit of time. Under 
Galileo's law of fall, a body that falls 1 foot after one second will have fallen 4 feet after 
two seconds, which is a ratio of 1:4. Huygens claims that a necessary condition on 
any law of fall is that this ratio must hold not just for falls of one second and two 
seconds, but also for falls of two seconds and four seconds, four seconds and eight 
seconds, etc. And indeed Galileo's law satisfies this demand: that same body that falls 
4 feet in two seconds will fall 16 feet in 4 seconds, and 64 feet in 8 seconds. 4:16 and 
16:64 are both equal to 1:4, so the proportion holds. 
In contrast, a law of fall that followed the sequence of natural numbers would not 
satisfy this requirement. Under a natural sequence law of fall, a body that has fallen 1 
foot after one second will have fallen 3 feet after two seconds, 6 feet after three 
seconds, 10 feet after four seconds, 15 feet after five seconds, (1+2+3+4+5+...) etc. 
The ratio of a fall of one second to two seconds under this rule is 1:3, but the ratio of 
a fall of two seconds to four seconds is 3:10. This violates Huygens' principle, and thus 
he claims that it cannot be an accurate law of fall. 
                                                          
137 La seconde objection estoit que pour garder in vacuo les proportions de nombres 1, 3, 5, 7, il estoit 
necessaire que le grave tombast par tous les degrez de tardite et que cela n'estoit point, a cause que 
la pierre avoit au commencement de sa cheute des'ja une certaine vistesse. Ie dis que sans doute elle 
pass par tous les degrez de tardite, et qu'elle a eu moindre vitesse que quelconque vistesse donnee. 
(Mersenne 1932) 
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Mersenne seemed to be relatively impressed by Huygens' argument138; on the 16th of 
November 1646 he writes: 
I tell you that I admire very much the finesse of your demonstration of fall, and I 
think that Galileo would have admired to have you support his opinion.139 
However, Mersenne held back from accepting the validity of the law of fall; noting that 
his qualms have not been fully resolved. Despite the elegance of his demonstration, 
Huygens had not addressed Mersenne's real problem: that the odd-number law seems 
to be in conflict with all possible mechanical explanations of gravity. Perhaps just as 
importantly, Huygens' argument merely showed that some of the competing laws of 
fall were false, not that Galileo's law was true. Satisfying Huygens' principle is a 
necessary but not sufficient condition for establishing the truth of a particular law of 
fall. Huygens' proof is also only convincing if bodies accelerate uniformly during fall, 
which Mersenne doubted. 
In his last book, Novarum Observationum Tomus III, Mersenne fails to provide a 
consistent account of his understanding of fall. Recall that in Novarum Observationum, 
Mersenne abdicates responsibility for an account of fall, as “nothing deeper can be 
demonstrated as long as the principle, or the true and immediate cause, is unknown 
for which such or such bodies begin their way towards the centre”140. Descartes' 
criticism of Galileo's law of fall has caused Mersenne to retreat into scepticism of all 
claims to knowledge about fall. 
In other places, Mersenne seems to support a radical departure from both the Galilean 
and Cartesian programs. In his correspondence with Huygens, Mersenne writes: 
The parabola which you suppose constitutes projectile motion, with air not being 
considered, is not quite accurate, for it would be necessary that the impetuosity 
communicated to the missile never cease, yet the qualities that impress 
                                                          
138 Mersenne had in fact heard this argument before from Deschamps in a 1643 letter, but perhaps 
Mersenne was impressed with the form of Huygens argument more than its content. 
139 Je vous asseure que i'ay si fort admire la gentillesse de vostre demonstration des cheutes, que je 
croy que Galilee eust este raui de vous auoir pour garand de son opinion. (Mersenne 1932) 
140 (Mersenne 1647) 
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themselves easily, like impetus, also dissipate themselves very easily and 
quickly.141 
This is a dramatic retreat from Galilean mechanics; in this sentence Mersenne rejected 
the idea of motion as a state, returning to the Aristotelian view of motion as sustained 
by an external, continually dissipating impetus. Mersenne did not provide any 
justification for this radical departure from the physics he had championed for the 
previous fifteen years; he seems to have lost faith in the program as a whole and 
returned to the understanding of motion he learnt in his youth. 
It's unlikely that Mersenne genuinely wanted to revert to an Aristotelian understanding 
of motion; he may have simply wrote this letter on a day when he was particularly 
troubled by the incompatibility of a mechanical explanation of fall and Galilean physics. 
Certainly Mersenne did not propose a return to the program of Aristotelian physics in 
any letter or published work, and his Novarum Observationum is obviously a 
mechanical, not an Aristotelian, work. But Mersenne's invocation of impetus theory to 
Huygens certainly indicates that he is experiencing a crisis regarding the foundations 
of the new science. It is also clear that that crisis is not based on a new observation; 
Mersenne makes no reference to any new expérience. Instead it is based on a worry 
about the physical explanation of fall. 
The Death of Expérience 
In chapter one, I showed that much of Galileo's mechanical program, including the law 
of fall, rested on perceived correspondences between various phenomena. It was 
because of those correspondences that Galileo felt confident in proceeding with his 
study of motion without reference to causes. This confidence was not shared by 
Mersenne. In the 1630s, when Mersenne first became interested in Galileo's work, he 
resolved this lack of confidence by pleading ignorance, claiming that eschewing 
causes was necessary because they were epistemically inaccessible. 
During this time, Mersenne relied on expérience to provide the justification for Galilean 
mechanics in general and the law of fall in particular, a step which was necessary 
because, by prohibiting talk of causes, there was no other possible source of 
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legitimacy for the ideas he was promoting. Thus, expérience was put forward as the 
only reliable source of knowledge because, without an appreciation of Galileo's 
correspondences, Mersenne had no choice. 
But by the 1640s, Mersenne's barrier between practical laws of fall and the causes of 
gravity broke down, principally due to Descartes' arguments. While it is unclear exactly 
why Mersenne found Descartes' insistence of the impossibility of a physical 
explanation of gravity consistent with the law of fall sufficiently persuasive to change 
his mind, it is enough for my argument simply to see that Mersenne did in fact do so. 
In rejecting the law of fall for reasons other than evidence gleaned from expérience, 
Mersenne contradicted what he claimed in the Traite de Mouvemens that “it is enough 
to explain the phenomena of nature, since the human mind is not capable of 
possessing the causes & principles” (Mersenne, 1634). The crisis he experienced in 
the last years of his life shook the foundations of Mersenne's belief in the new physics. 
Without a firm metaphysical foundation to stabilise his belief in the new mechanics, as 
Galileo had in his belief in correspondences, Mersenne's faith cracked under 
Descartes' assault. 
By the end of his career Mersenne had ceased to believe that expérience was totally 
persuasive. Despite claiming that Galileo's odd-number law provided at least a very 
close approximation to the behaviour of actual falling bodies, Mersenne came to reject 
it. Physical and mechanical concerns had overtaken his previous commitment to the 
odd-number law, and expérience was demoted from its position as the supreme arbiter 
of knowledge. Without understanding Galileo's concept of correspondences, and with 
Descartes failing to offer an adequate alternative to Galilean mechanics, Mersenne 
had no way to assuage that worry. Mersenne died in 1648, a year after his 
correspondence with Huygens, still deeply conflicted about his understanding of 
mechanics. 
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Chapter 3: Christiaan Huygens and the Galilean Program 
At the age of 17, Christiaan Huygens (1629-1695), then a student at the University of 
Leiden, bragged in a letter to his brother (3 September 1646) that he had disproven 
Juan Lobcowitz's claim that the spaces traversed by a falling body are proportional to 
the distance fallen; Huygens instead showed that the spaces were proportional to the 
times. Huygens' result was apparently derived independently of Galileo's, as his desire 
to publish his results were soon quashed when he got his hands on a copy of the 
Discorsi a few weeks later142, and discovered that Galileo had pre-empted his proof 
by almost a decade. Despite his disappointment, this work brought him to the attention 
of Mersenne, via Mersenne's friendship with Christiaan's father, Constantijn Huygens. 
At that time Mersenne had concerns about Galileo's law of fall (see Chapter 2), and 
requested that Christiaan contact him with his proof. 
Through his relationship with Mersenne, Huygens was exposed to the wider academic 
world, making contact with René Descartes (1596-1650), who visited him in Leiden, 
as well as the English mathematician John Pell (1611-1685) who was teaching in 
Breda when Huygens moved his studies there from Leiden in 1647. After completing 
his degree in 1649, Huygens travelled Europe as part of a diplomatic envoy143, before 
returning to The Hague in 1654 to continue work on his mathematical, mechanical, 
and astronomical interests, during which time he discovered the largest of Saturn's 
moons, Titan. 
By the 1660s Huygens was a well-known and well respected scientist; he visited 
London in 1661 where he met with the members of the then-forming Royal Society, to 
which he was elected as a fellow in 1663. In 1666 he accepted an invitation from Louis 
XIV to join the Acadamie Royales des Sciences in Paris, where he lived for the next 
15 years of his life. Huygens returned to The Hague in 1681, where he died in 1695, 
having seen most of his life's work, much of which lay unpublished, surpassed by a 
                                                          
142 (Yoder 1988, 9) 
143 This diplomatic tour included a visit to Queen Christina of Sweden's court, which was particularly 
exciting to Huygens as Descartes had recently moved there at the invitation of the Queen. René and 
Christina reportedly did not get along, and he spited her by dropping dead of pneumonia in February 
1650, four months after he had arrived, unable to adapt to the harsh Swedish Winter and Christina's 
demands for philosophy classes starting at 5am. By the time Huygens made it to Stockholm Descartes 
had already died. 
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new generation of physicists, in particular Isaac Newton (1642-1727) and Gottfried 
Wilhelm Leibniz (1646-1716). 
One of the foremost mathematicians of the 17th century, the proof that Huygens sent 
to Mersenne in 1646144 was the beginning of a long interest to mathematical physics. 
Huygens' commitment to mathematics as a practical tool in most clearly shown by his 
invention of the pendulum clock, which he spent most of the last half of the 1650s 
working on. Although Galileo (among others) had proposed the idea of using 
pendulums to regulate a clock, Huygens was the first person to successfully build one, 
which he first did in 1656. Huygens hoped that the clock would find use as a 
navigational aid, as an accurate clock could solve the longitude problem. However 
despite many trials the clock proved useless for this purpose, as the rocking of the sea 
disrupted its delicate machinery. 
In 1658 Huygens published a short book describing the design and operation of the 
pendulum clock, entitled the Horologium Oscillatorium, in which he promised to write 
a much longer, mathematical book which would describe the theory behind the clock. 
This book appeared 15 years later in 1673, and was also entitled Horologium 
Oscillatorium145. The mathematical and experimental results that formed the core of 
the 1673 Horologium Oscillatorium were mostly complete by the end of 1659146, yet it 
lay unpublished for over a decade next to Huygens' other major work of 1659: De Vi 
Centrifuga, which was itself only published posthumously in 1703. 
Despite containing many important results, several of which Huygens derived for the 
first time, by the time of De Vi Centrifuga's publication its major findings had been pre-
empted by other scientists, most notably by Isaac Newton. Huygens' failure to publish 
much of what he worked on meant that his somewhat idiosyncratic style failed to make 
an impact on his contemporaries. The fact that much of Huygens' work in De Vi 
Centrifuga concerned problems that were much simplified by the advent of calculus 
meant that even if scientists at the beginning of the 18th century were interested in 
Huygens' results, his methods would have seemed clunky and outdated. 
                                                          
144 See the previous chapter. 
145 For reasons of brevity, for the rest of the chapter whenever I say Horologium Oscillatorium I mean 
the 1673 book unless otherwise stated. 
146 (Yoder 1988, 12) 
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Huygens' two works of 1659: Horologium Oscillatorium and De Vi Centrifuga, are the 
subjects of this chapter. In examining them I intend to show that much like Galileo, 
and unlike Mersenne, Huygens was committed to the existence of correspondences 
between a variety of phenomena. These included correspondences between inclined 
planes, pendulums, and free fall motions, as well as a broader correspondence 
between gravitational and centrifugal phenomena. Unlike Galileo, Huygens was 
frequently able to demonstrate these correspondences mathematically, and used 
them to demonstrate several important results. Huygens did not believe that these 
correspondences were chance connections between unconnected phenomena; they 
were core parts of his approach to the study of mechanics. They fit into his broader 
commitment to the unification of mechanics, both motivating and legitimising Huygens' 
treatment of all types of motion as fundamentally similar. 
The Horologium Oscillatorium 
Huygens' primary goal in his 1673 Horologium Oscillatorium is to explain the 
mathematical and physical principles which underpinned his design of the pendulum 
clock. This is the traditional reading of the book, and it is by and large accurate. I argue 
that, in addition to being a legitimiser of the pendulum clock, the Horologium 
Oscillatorium should be understood as part of the Galilean research program of finding 
correspondences between various types of motion. Like Galileo, Huygens believed 
there was a fundamental connection between free fall and pendulum motions, and this 
commitment motivated him in deciding how he would tackle the problem of pendulum 
motion. Huygens analysed pendulum motion by drawing an analogy between it and 
free fall motion; the same strategy that Galileo used in the Discorsi. 
The Horologium Oscillatorium is comprised of four major parts; the first is a physical 
description of the construction of a pendulum clock; parts two, three, and four are 
mathematical discourses on cycloidal motion, the evolutes of curves, and centres of 
oscillation respectively. The discourses follow Descartes' model of starting from a 
small set of self-evident hypotheses147, and from these proving a series of propositions 
using only those hypotheses and knowledge of Euclid. While the three mathematical 
                                                          
147 Or at least hypotheses that the author claims are self-evident. Huygens uses three hypotheses which 
serve to connect his mathematical analysis to the physical world; one refers to the (equivalent of the 
modern) law of inertia, and the other two refer to the decomposition of motion into horizontal and vertical 
parts. All three hypotheses come from Galileo. 
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discourses are related to each other in important ways, for our purposes it will suffice 
to focus on parts two and four, which concern cycloidal motion and centres of 
oscillation respectively. 
Huygens devotes the first eleven propositions of part two148 of the Horologium 
Oscillatorium to mathematically proving hypotheses on motion, most of which Galileo 
had treated as self-evident in his Dialogo and Discorsi. For example, Huygens proves 
that the velocities acquired by bodies falling through variably inclined planes are equal 
if the elevations of the planes are equal, and that a body will acquire sufficient motion 
in falling to rise to the same height it fell from. Propositions twelve through twenty are 
geometrical results which concern circles and cycloids. These lead up to the final six 
propositions, which are the central results of the chapter. 
Propositions twenty one through twenty six of part two concern the time of fall of a 
body which is descending along inclined planes and cycloids. Proposition twenty five 
is the crucial result of the chapter, proving that descent along a cycloid is isochronous 
and quantitatively relating it to the time of free fall. Huygens' proof established two 
things: that descent along a cycloid was isochronous, which was crucial for the 
operation of the pendulum clock, and that there was a connection between free fall 
and pendulum motion. 
Huygens asks us to consider the cycloid CBA (Figure 14). Now select any point on the 
cycloid, for example B, and let an object descend naturally from that point to the vertex. 
Huygens proposes that the time of fall along BA is proportional to the axis DA as “the 
semicircumference of a circle is related to its diameter”149, i.e. BA : DA as ½π : 1. Thus 
the time of descent from any point on a cycloid to its vertex is ½π times greater than 
the time of descent along the axis of that cycloid. This is the crucial result; proving this 
allows Huygens to simultaneously prove that descent along a cycloid is isochronous: 
regardless of where on the cycloid a body is released, it will always fall to the vertex 
in the same amount of time. 
                                                          
148 As parts two, three, and four of the Horologium Oscillatorium have independent numbering of 
propositions, I will frequently use the long form “proposition X of part Y” when referring to individual 
propositions to avoid confusion in situations where the context does not make it clear. 
149 (Huygens (1673) 1986) 
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Figure 14: Proposition 25 of Part 2 of the Horologium Oscillatorium 
To understand how radical Huygens' thought was, it is useful to consider how he 
generated the diagram associated with proposition 25 of part two (Figure 14). The 
cycloid CA is clearly a representation of the motion of the cycloidal pendulums 
Huygens was experimenting on at the time; it is the path which a body follows when 
constricted by a force from above. The arc CA thus considered is a mathematical 
representation of motion itself, while the axis DA represents the pendulum string when 
the bob is in the vertical position. However Huygens then asks us to consider a ball 
descending, under its own gravitational tendency, from the point B. This reconfigures 
how the diagram should be interpreted; the arc CA is now a physical representation of 
a curved surface, while the axis DA no longer corresponds to any physical object or 
phenomenon at all. 
Michael Mahoney has previously identified Huygens' movement between 
mathematical and physical interpretations of Figure 14. He connected this movement 
to Huygens' proof of the tautochronicity of the cycloidal pendulum; arguing that it 
enabled Huygens to see “that what was approximate isochrony for a simple pendulum 
was exact isochrony for the cycloidal pendulum”150. While there is no doubt that this 
conceptual structure was crucial for proving the isochrony of the cycloidal pendulum 
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(as seen in the proof below), I argue that it also followed from Huygens' belief in a 
fundamental connection between free fall and pendulum motion (which H. Bos151 has 
previously argued for), which was a continuation of Galileo's work on pendulum, 
inclined plane, and free fall motion. 
Additionally, I argue that the relationship between descent along a cycloid and its axis 
was a crucial result for Huygens because it established a mathematical relationship 
between pendulum motion, motion along a surface, and free fall motion. Establishing 
relationships such as these were a central objective of Galileo's program; through 
proposition 25 of part two Huygens had taken up this line of inquiry. And while Galileo 
had to rely on inference and supposition to support his “correspondences”, Huygens 
was able to mathematically demonstrate his connection. Huygens' efforts in the 
Horologium Oscillatorium thus be seen as the continuation of one part of the Galilean 
program because it rigorously proved and quantified the connection between two 
types of motion: free fall and motion on a surface. 
Horologium Oscillatorium: Proving Proposition 25 of Part Two 
Huygens' proof of proposition 25 of part two relied on the previous propositions found 
in the Horologium Oscillatorium. Although I will look quite closely at Huygens' proof of 
that proposition, at some points in the proof it will be necessary to simply appeal to a 
previous proposition without providing a proof of it, lest this work inflate massively in 
size and complexity. 
Before beginning we should take a moment to discuss cycloids and how Huygens 
came to study them. A cycloid is the mathematical curve which is traced by a point on 
the rim of a wheel while it is rolling along a straight line (see Figure 15). The cycloid 
first came to Huygens' attention in the 1650s, responding to Blaise Pascal's public 
challenge for mathematicians to find the cycloid's solutions. When he returned to work 
on finding the shape of an isochronous pendulum, Huygens noticed that such a curve 
should have many of the same properties as the cycloid. This led Huygens to believe 
that the cycloid was the curve he was looking for, and he expanded his study of the 
curve both mathematically and empirically. He proved the isochrony of the curve 
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(which he presents as Proposition 25), and constructed a cycloidal pendulum to 
regulate his prototype pendulum clock. 
 
Figure 15: A Cycloid is Created by the Motion of a Wheel152 
Proposition 25 the culmination of Huygens' study of the cycloid. It is a proof of the 
cycloid's isochrony, i.e. that regardless of where a body is released from on a cycloid, 
it will reach the lowest point in a constant amount of time. To understand it I will first 
reconstruct the diagram at the heart of proposition 25. Huygens begins his proof of 
this proposition by drawing the cycloidal arc CBA with axis DA (Figure 16), where B is 
an arbitrary point on the cycloid from which a body descends. The point C is not an 
arbitrary cut off point; it is the point where the cycloid would reflect; it corresponds to 
the point x=2πa in Figure 15. Figure 16 displays an inverted half-cycloid. 
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Figure 16: Cycloid CBA with Axis DA. 
Huygens then draws a straight line GA, which is perpendicular to DA, and a straight 
line tangent to the point B and which meets GA at G. He then draws a semicircle on 
the axis DA, and draws a straight line BF from B to the axis, which is parallel to the 
line GA and which intersects the semicircle at E. The point C is also connected to D 
through straight line CD. The situation is thus as in Figure 17. 
 
Figure 17: Added Semicircle EAD, lines BF, GA, BG. 
Max Kemeny  A Certain Correspondence 
Page 88 of 116 
 
Finally, Huygens drew another semicircle on the axis from F to A, and a line LK parallel 
to GA which extends from point L on the axis to an arbitrary point K on the line BG; 
intersecting the new semicircle at H and the cycloid at I. Finally, a straight line EA is 
drawn parallel to the line BG, completing the diagram as in Figure 18. 
 
Figure 18: The Complete Diagram for Proposition 25 
Huygens' objective is to find a relationship between the time of descent along the 
cycloidal arc BA and the time of free fall along the axis of the cycloid DA. Because the 
length of BA is arbitrary (as the position of B is arbitrary), whereas the length of DA is 
not, finding a constant relationship between these two lengths would mean that 
descent from any point on the quarter cycloid would take the same amount of time; 
hence descent along the cycloid would be isochronous. 
Huygens' proof is as follows. By proposition 24 of part two, the time of fall through the 
arc BA is related to the time of fall through the line BG by the same proportion as the 
arc FHA is related to the line FA. From the mean speed theorem, the time of fall 
through BG is equal to the time of uniform motion through BG with a speed equal to 
half that it would acquire had it fallen. This speed is important so I will refer to it as v. 
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Therefore, the proportion “time of fall along BA” (TBA_fall) to “time of descent with a 
certain speed v along BG” (TBG_constant), is equal to the proportion FHA to FA. That is 
to say: 
(TBA_fall : TBG_constant) = (FHA : FA) = (½π : 1)     (1) 
At this stage of the proof, Huygens has quantified the proportion between a time of fall 
and a time of uniform motion. His next step will be to change the TBG term into a time 
of fall along the cycloid's axis DA. 
As the line BG is equal to the line EA, and those lines are parallel to each other, the 
time of fall through those lines are also equal. As demonstrated by Galileo and also 
rigorously proven by Huygens, the times of naturally accelerated descent along a 
chord from any point in a circle to its lowest point are equal (the law of chords). Hence, 
the time of naturally accelerated descent along EA is equal to the time of naturally 
accelerated descent along the axis of DA. Hence: 
TDA_fall = TBG_constant         (2) 
∴ (TBA_fall : TDA_fall) = (½π : 1)        (3) 
In English: The time of fall along the cycloidal arc BA is related to the time of fall along 
the axis of that cycloid DA as ½π to 1. 
The obvious consequence of this result is that descent along a cycloid is isochronous. 
As the point B is an arbitrary point on the cycloid, it follows that descent from any point 
on the cycloid will hold the same proportion with the axis, and hence will take the same 
amount of time. Thus descent along a cycloid is isochronous. Huygens also points out 
that a body which has fallen along BA will possess enough motion to continue its 
motion and ascend the other side of the cycloid to a point of equal height to point B 
(proposition 9 of part 2) and that it will complete this ascent in an equal amount of time 
(proposition 11 of part 2). After that it will return to B through A, and so on, oscillating 
forever, and taking the same amount of time in its trip each oscillation. This is the same 
result that Galileo pointed out in his work on inclined planes and pendulums. 
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Proving the isochrony of the cycloid was the central result which legitimised the design 
of Huygens' pendulum clock; the pursuit of this proof was a major motivating factor for 
Huygens to produce Horologium Oscillatorium. From this point of view it seems that 
this is the primary result of the chapter, and indeed this is the way Huygens' reasoning 
has typically been presented by historians. The traditional interpretation153 is that 
Huygens felt that the really important result was that proposition 25 proved that 
descent along the cycloid was isochronous; the quantitative description of descent 
was merely a fortunate by-product of those efforts. 
I argue that Huygens saw the second part of proposition 25 of part two, the quantitative 
relationship between descent along a cycloid and descent along its axis, as an equally 
important result. It was this result which allowed Huygens to demonstrate a 
fundamental, quantitative connection between free fall, pendulum motion, and motion 
on a plane. This would allow him to solve a long standing scientific problem: calculating 
the distance a body free falls from rest in one second. Huygens' belief in the reality of 
this connection will become more obvious as we examine part four of the Horologium 
Oscillatorium. 
Part Four of the Horologium Oscillatorium: Time of Free Fall and a 
Universal Unit 
In part four of the Horologium Oscillatorium, Huygens developed the concept of 
centres of oscillation in order to bridge the gap between the idealised pendulums which 
he treated mathematically and the real pendulums on which he physically 
experimented. With this mathematical structure in place, Huygens used it in 
conjunction with proposition 25 of part two to calculate the distance which a heavy 
body, starting at rest, would travel in one second of free fall. 
Various scientists, both before and after Galileo, had attempted to empirically measure 
this value without success; Huygens was definitely aware of both Mersenne and 
Riccioli's attempts to measure it experimentally, as he references them. On the 21st of 
October 1659, Huygens repeated Mersenne's experiment; he constructed a pendulum 
which would strike a wooden board when it reached the vertical position, half a second 
                                                          
153 As given by (Blackwell 1986), for example. 
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after it was released154. He then dropped a weight from various heights, timing the fall 
by listening for when the pendulum struck the board and the weight hit the ground. 
Despite making several improvements to Mersenne's experimental method, Huygens 
was unhappy with his result of 14 Parisian feet for one second of free fall, and resolved 
to search for a more accurate method of determining that value.155 
The material in part 4 of the Horologium Oscillatorium is the result of that search. By 
providing a method by which such a sought after result could be calculated from more 
accurately determined values, rather than directly measured from experiment, 
Huygens showed that the connection which he had proven between free fall motion, 
pendulum motion, and motion on an inclined plane, was not a mere mathematical 
curiosity, but a productive piece of the new physics. 
In proposition 25 of part 4, Huygens attempts to establish “a universal and perpetual 
measure”156 (i.e. unit) of distance through his work with the pendulum. He notes that 
although others have proposed using pendulum motion to establish a universal 
measure (often by relating it to the motions of the heavens), his concept of centres of 
oscillation allows him to establish a unit with mathematical certainty, rather than relying 
on difficult experiments. Huygens asks the reader to obtain one of his clocks, with a 
cycloidal pendulum that marks off one second. Then, next to the clock, suspend a 
simple pendulum (Huygens used a heavy lead bob suspended by a thin thread), set it 
in motion with a displacement angle of around 5 degrees, and adjust the length of this 
pendulum until its oscillations coincide exactly with that of the clock's, even after 10 or 
15 minutes. 
Once the reader is satisfied that the pendulums do indeed agree perfectly, he should 
measure the length between the point of suspension and the centre of oscillation of 
the pendulum157. This length is defined as 3 hour feet. The hour foot is very slightly 
                                                          
154 Huygens used a simple pendulum with a period of one second. Because he knew that it was not 
truly isochronous, he used small displacements in his experiments. 
155 Huygens' process of discovery has been treated in great detail by Joella Yoder in her 1988 Unrolling 
Time. 
156 (Huygens (1673) 1986, 167) 
157 Huygens spends most of part four explaining what centres of oscillation are and how to find them, 
which I will not recapitulate here. It suffices to say that although the concept is somewhat complicated, 
centres of oscillation are easy to practically determine once they are understood. 
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longer than the Parisian foot; the Parisian foot is related to the hour foot as 864 to 
881158. 
With his new unit in hand, Huygens then proceeds to the problem of calculating the 
distance fallen by a body in free fall, starting from rest, in any given amount of time. 
Like many scientists Huygens attempted to measure this value experimentally, and 
like those scientists Huygens quickly realised that the results obtained from simply 
dropping a ball were extremely inaccurate. At the beginning of proposition 26 of part 
4, Huygens wrote: 
Those who have previously studied this measure [the space crossed in free fall 
in a given amount of time] agree that it is necessary to consult experiments. But 
the experiments which have been conducted so far do not easily give an exact 
determination of this measure, because of the speed which the falling body has 
acquired at the end of its motion. But if one uses our proposition 25 in The Falling 
of Heavy Bodies [Part 2], and if one knows the length of a pendulum which marks 
off seconds, then he can explain this matter as a certain derivation and without 
an experiment.159 
The length of the axis of a simple pendulum beating seconds is 3 hour feet by 
definition. From Galileo, Huygens knew that the length of a pendulum is proportional 
to the square of its period. Thus, from proposition 25 of part 2, the time of free fall 
through the half of the length of the axis of that pendulum (18 hour inches) is 1/π 
seconds, around 0.32 seconds. Following Galileo, Huygens notes that “the squares of 
the times of descent are related to each other as the spaces crossed in those times”. 
1/π seconds stands to 1 second as 36,481 to 360,000 (using the approximation of π 
as 355 to 113); therefore 18 hour inches stands in this ratio to the distance fallen by a 
body in 1 second, providing a result of 14 hour feet, 6 hour inches, and 6 hour lines, 
                                                          
158 3 hour feet is roughly 997mm. Its similarity to the modern metre is not coincidental; although the 
metre has never been officially defined by reference to the pendulum (its first official definition was as 
a fraction of the Earth's circumference), Charles Maurice de Talleyrand-Périgord proposed in an 
address to the Constituent Assembly of France in 1790 that the definition of the metre be based on the 
length of a second beating pendulum at a latitude of 45°N. The choice of what fraction of the Earth's 
circumference would be the fundamental unit (established in 1795) was certainly influenced by its 
similarity to the length of a second beating pendulum. 
159 (Huygens (1673) 1986, 170-171) 
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which is almost 15 feet, 1 inch in the Parisian measure160. Huygens ends part 4 with 
a description of his attempts to confirm his result experimentally. 
Thus, Huygens' proven connection between free fall and pendulum motion was the 
key to a problem whose solution had evaded scientists for the better part of a century. 
Huygens had not just demonstrated and quantified the existence of the connection 
between free fall and pendulum motion, but had shown how it could be a constructive 
part of mechanics. In November of 1646 Mersenne told Huygens “I think that Galileo 
would have admired to have you support his opinion”161. In the Horologium 
Oscillatorium, Huygens did not merely support Galileo, but surpass him. 
De Vi Centrifuga 
The second major text that I will look at is Huygens' De Vi Centrifuga. Like most of the 
Horologium Oscillatorium, De Vi Centrifuga was written in 1659, although it was not 
published until after Huygens' death, in 1703. De Vi Centrifuga follows the same 
structure as the Horologium in attempting to describe one type of motion in terms of 
another. However the project was significantly more radical than the correspondence 
between pendulum and free fall motion that Huygens had described in the Horologium. 
Huygens was not attempting to connect two different types of gravitational 
phenomena, as he was in the Horologium. The project of De Vi Centrifuga was to 
extend the quantification of motion from gravitational to centrifugal motion, and this 
was to be achieved by finding a point of contact between gravitational and centrifugal 
motion. In De Vi Centrifuga, Huygens saw a connection not between two different 
phenomena, but between two different types of phenomena. 
At the heart of this project was Huygens' belief that centrifugal force was the same 
kind of phenomenon as gravitational force; that there is a correspondence between 
the two phenomena. This meant that the two forces could produce the same motion: 
without context it is impossible to tell if a body has been put into motion by a centrifugal 
or a gravitational force. Having established this phenomenological equivalence 
between gravitational and centrifugal tendencies, Huygens used it to legitimise treating 
                                                          
160 Huygens' result is extremely accurate; his result corresponds to 4.91m, which agrees with the 
modern result of distance of fall at sea level to three significant figures. 
161 (Mersenne 1932) 
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the two cases as mathematically equivalent, i.e. the same kind of mathematics that 
describes gravitational phenomena can be used to describe centrifugal phenomena. 
Huygens then takes a case where the gravitational and centrifugal forces are equal: a 
ball on a string being rotated in a circle such that the centrifugal force of the ball is 
exactly equal to its gravitational force. As equal motions meant equal forces, Huygens 
is able to apply the mathematical structure that had previously been developed for 
gravitational motion to centrifugal motion. Much as Galileo developed a conceptual 
structure to analyse pendulum motion, which he then applied to a variety of different 
types of motion, Huygens applies the mathematical structure that his predecessors 
(including Galileo) developed regarding gravitational motion to analyse centrifugal 
motion. Showing how Huygens achieved this is the goal of the rest of this chapter. 
A note on terminology is necessary before beginning. As the title of the book shows, 
Huygens frequently uses the word force in De Vi Centrifuga. As this book was written 
more than 25 years before Newton's Principia, Huygens' use of the word should not 
be interpreted in a Newtonian sense (Huygens does not define what he means by 
force). That being said, his use of the word is frequently, but not always, compatible 
with Newton's: Huygens' force causes changes in motion, is quantifiable, and 
possesses both a magnitude and a direction. However Huygens does not possess any 
concept similar to Newton's third law of motion, which means that his forces frequently 
act in ways that their Newtonian counterparts would not. 
Huygens also uses another word similar to force: tendency (conatus). He begins De 
Vi Centrifuga by defining heaviness as the tendency to descend (Gravitas est conatus 
descendendi). Huygens frequently talks about gravitational and centrifugal 
tendencies, again without providing a clear definition, however the word is 
synonymous with force. Like forces, tendencies have both a direction and a 
magnitude, and are invoked as explanations of motions such as free fall. The only 
difference in usage between force and tendency is that he uses the word tendency in 
his introductions; in proofs Huygens uses the word force to refer to the same concept 
that he had previously called tendency. 
Both vis and conatus were in wide use in the middle of the 17th century, but they were 
words in flux, with no generally agreed upon meaning. Just about every major figure 
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in 17th century mechanics used them, including Galileo, drawing on a variety of 
definitions and often giving no definition at all. Descartes used both words in his 1644 
Principia Philosophiae; in that work tendency referred to possible but not actual 
motion, e.g. a body in a sling has a tendency to recede from the centre, but that 
tendency is inhibited by the sling and so not expressed. 
Descartes was forced to introduce the idea of tendency into his physics to resolve a 
conflict between his definition of inertial motion as rectilinear and his belief in a plenary 
universe. As the universe is totally full of matter, the motion of any body means that 
other bodies must move into the space it has just vacated so that a vacuum doesn't 
form, creating a vortex of motion. "From this it follows that no body can move except 
in a complete circle of matter or ring of bodies which all move at the same time"162. 
Therefore, the only possible type of motion is circular; bodies may appear to move in 
a straight line, but this is only because we cannot perceive their path's curvature. To 
attempt to preserve the legitimacy of his laws of motion, which deal with rectilinear 
motion, Descartes is forced to claim that there is a tendency for bodies to move 
rectilinearly, but that tendency is never expressed163. 
Huygens used Principia Philosophiae as a template for De Vi Centrifuga. Huygens 
adopts Descartes' terminology, his examples, and many of his results. Yet Huygens 
makes several changes to Descartes' physics that eliminate the need to distinguish 
between force and tendency. At the time he was writing De Vi Centrifuga Huygens 
believed in the vortices interpretation of the solar system, although he carefully avoids 
mentioning anything to do with vortices. This allows him to treat rectilinear motion as 
really rectilinear and not just circular motion in disguise, meaning that tendencies can 
be expressed rather than just being potential motion. 
This means that the reason for introducing tendencies goes away, and the concept 
merges with the concept of force. Whether he noticed this fact is unknown; it seems 
impossible that he could not, as both words refer to the same mathematical quantities. 
But if he did realise that the words referred to the same thing, it seems odd that he 
would continue to use both words. For our purposes it is enough to accept that 
                                                          
162 (Descartes (1644) 1983) 
163 For a closer look at tendencies in Descartes' physics see Motion, Action, and Tendency in Descartes' 
Physics (Prendergast 453-462). Also see Meanest Foundations and Nobler Superstructures (Gal 2002). 
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Huygens did treat the two words as synonymous, even if it’s possible he wasn't aware 
of that fact. Let us now return to the analysis of De Vi Centrifuga. 
Huygens initial objective in De Vi Centrifuga is to establish equivalence between 
centrifugal and gravitational forces. He invites the reader to consider a body 
suspended from a string (Figure 19). The string is pulled taut because the body tends 
to fall vertically downwards away from the line of the string with a motion accelerated 
by the law of fall. The string, therefore, can be considered a physical representation of 
the tendency of a heavy body to fall; it displays the direction of the gravitational force, 
which in the simplest case is vertically downwards. The tautness of the string is an 
indication that the body is experiencing a force or tendency. Most importantly, without 
context it is impossible to tell whether the image displayed in Figure 19 is a body simply 
hanging under gravity, or if the ball is being rotated as if in a sling. The only indication 
of the existence of a tendency is the tautness of the string, but that is insufficient to 
determine the cause of the tendency. 
 
Figure 19 
When the body, held by the string, rests on an inclined plane, the direction of the string 
demonstrates the body's tendency to fall along the plane, as shown in Figure 20, taken 
from De Vi Centrifuga. This conceptual structure highlights the ways in which Huygens' 
understanding of force differs from the modern understanding. To modern physics, 
there are two forces acting on the body in Figure 20, a gravitational force pointing 
vertically downwards and a force exerted by the inclined plane AB orthogonal to its 
surface. These two forces combine to make the net force on the body point down the 
inclined plane with direction DC. 
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Figure 20: The tendency of a body to fall along an inclined plane 
Huygens has no concept of the inclined plane exerting a force on the body, unlike 
Newton. Instead, he conceives of the situation in terms of the gravitational tendency 
of the body being both weakened and deflected by the inclined plane AB. The proof of 
the weakening is that a heavy body will traverse less space in the same amount of 
time than it would if it were simply allowed to fall vertically downwards. This also shows 
why it is inappropriate to ascribe an understanding of vector mathematics to Huygens. 
Although he is dealing with something he calls a force which possess both a magnitude 
and a direction, Huygens' force is spontaneously deflected by the inclined plane 
without the action of an opposing force. This is not possible in vector mathematics. 
The conceptual structure shown in Figures 19 and 20 serves several purposes for 
Huygens. The first is to legitimise his use of lines to represent the tendencies of bodies 
to move: the strings serve as a physical instantiation of the gravitational tendency (and 
thus force) of the body. However as I will soon show, Huygens subsequently makes a 
subtle shift in his use of such lines. In Figure 20 the length of the line DC is arbitrary; 
it is simply the length of the string used in this demonstration, and represents nothing 
more than the direction of the tendency. Later on in De Vi Centrifuga, however, 
Huygens will use such lines to represent not only the tendencies' directions but also 
their magnitudes. 
Huygens also uses this conceptual structure to draw a correspondence between 
gravitational and centrifugal forces. Huygens states that: 
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Whenever two bodies of equal weight are each restrained by a string, if they have 
a tendency to fall away along the extension of the string with the same 
accelerated motion and such that equal spaces are traversed in the same time, 
they will feel an equivalent pull whether they are pulled downward, or upward, or 
in any direction whatever. It makes no difference from what cause a tendency of 
this sort arises... the same tendency is present if, given the possibility and when 
the tendency is not inhibited, the same motion will result.164 [emphasis added] 
Here, Huygens argues that if two different bodies, each attached to their own string, 
would, were their strings cut, move away at the same rate, then this means that their 
tendencies away from the string were equal in magnitude. Importantly, Huygens 
explicitly disconnects this argument from the cause of motion. If the same motion 
results when the string is cut, Huygens argues, then it simply makes no difference if 
the body is being pulled by a gravitational or by a centrifugal tendency; the tendencies 
involved in each case will be equal. More specifically, the two cases are 
phenomenologically, and hence mathematically, equivalent. 
There is a problem with this analysis. When a body is suspended from a string under 
gravity, the body will accelerate downwards if its tendency to fall is not inhibited by the 
string, e.g. by cutting the string. But the same is not true of a body experiencing a 
centrifugal force: if a rock is being swung in a circle and the string is cut, the body will 
not accelerate, instead it will begin moving in a straight line with a constant speed. 
These motions are obviously not the same. 
Huygens' solution to this problem is to treat the motions infinitesimally, “[the tendency] 
should be considered only at the beginning of motion, in taking some very small part 
of time”165. Huygens justifies this in Figure 21. 
                                                          
164 (Huygens 1659) 
165 (Huygens 1659) 
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Figure 21 
Here, a body is being suspended from A such that it just touches a curved plane CD, 
but is not supported by the plane; i.e. the ball feels the same tendency as if it were not 
touching the plane. However, should the string be cut, the body would not fall vertically 
downwards as its tendency would suggest, but instead roll along CD, not even 
accelerating according to the law of odd numbers. This is clearly not representative of 
the body's original tendency, as that tendency would have had the ball accelerate 
vertically downwards following the law of fall. “Thus it is clear that one should not 
consider what happens to the heavy body sometime after separation from the cord, 
but consider some very small particle of time from the outset of motion, if we want to 
determine the strength of the tendency.”166 
A tendency, therefore, will not always be expressed in the motion of the body 
experiencing that tendency, which is why they must be analysed at the infinitesimal 
point of release. This is also why Huygens chooses to analyse forces in this way rather 
than translate a parallelogram of motion into a parallelogram of force as Newton does. 
This mathematical trick allows Huygens to analyse centrifugal tendencies as if they 
were gravitational tendencies, despite the fact that gravitational motion does not 
resemble centrifugal motion. What matters is the strength and direction of the 
tendency in the first instant of time, when the two motions most resemble one another. 
                                                          
166 (Huygens 1659) 
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However the physics shown in Figure 21 serves a second purpose: to separate the 
direction of the body's tendency from the direction of its motion. Here, the tendency is 
vertically downwards, but the body's motion follows the path of the curved plane. 
Huygens has shown that the direction of movement is not a good guide to the direction 
of the tendency: it is the direction of the string which identifies the direction of the 
tendency. 
The purpose of De Vi Centrifuga's introduction is thus to introduce the concept of 
representing tendencies as lines, to convince Huygens' readers that tendencies 
should be treated infinitesimally, and that the direction of motion does not necessarily 
follow the direction of the tendency. Huygens' next step is to show that the motion 
resulting from a centrifugal tendency does indeed follow the same law as that resulting 
from a gravitational tendency: it follows the law of odd numbers. 
Huygens asks us to imagine a body rotating in a circle, such as a lead bullet in a sling 
(Figure 22167). Should the body be released at point B, it will travel through points C 
and D towards point H, otherwise it will continue through E and F to point G; thus it 
has a tendency to follow the path BH. If gravity is taken into account, then body's 
tendency is not to travel in a straight line from B to H but instead in a parabola from B 
to K. The difference between points E and C, or points F and D, thus represents the 
centrifugal force experienced by the body, in the same way that the string represented 
the gravitational tendency of a heavy body in his previous example. 
                                                          
167 (Huygens 1659, 259) 
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Figure 22 
The tension exerted on the body by the string causes it to recede from its centrifugal 
tendency to move along C to D to H and instead follow the circumference from E to F 
to G, therefore the body recedes a distance of EC, then DF, then (much later) HG from 
its natural course. These differences represent the centrifugal tendency of the body, 
and Huygens notes that their growth can be approximated as the sequence of squares 
(1, 4, 9, 16, etc.), and that this approximation is more accurate the closer E and F are 
to B, becoming completely accurate as E and F become infinitesimally close to B. 
Huygens does not provide a proof for this, nor does he give any elaboration at all as 
to how he knows it. It seems that Huygens considered this result trivial, as it is not very 
difficult to demonstrate168. 
                                                          
168 The interested reader can convince themselves that Huygens is indeed correct by drawing a circle 
of radius r, centred at co-ordinates (r,r) on a Cartesian plane, and then calculating the solutions to the 
equation (x-r)2+(y-r)2=r2 for a variety of x values between 0 and r. They will notice that as the x values 
retreat from x=r, the y values will approximately follow the sequence of odd numbers. 
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Thus, for Huygens, centrifugal tendencies are the same kind of tendency as 
gravitational tendencies, as they both recede along the direction of the string with a 
force governed by the sequence of squares. This leads Huygens to conclude that the 
centrifugal forces of two bodies moving in equal circles at equal speeds are in direct 
proportion to the weights of those bodies: 
For, just as all heavy bodies tend downward at the same speed of fall and with 
similarly accelerated motion, and this tendency of theirs has greater moment 
according as they are greater, so too it should turn out for those bodies that tend 
to move away from the centre; their tendency has been clearly shown to be 
similar to the tendency arising from gravity.169 
Huygens' belief in an equivalence between gravitational and centrifugal motion was 
not due to a quirk of mathematics, nor was it an inference drawn carelessly at the end 
of an otherwise unrelated project. His belief in a correspondence between these two 
types of motion was profoundly felt, and was the crucial factor that allowed him to 
extend the quantification of motion from gravitational to centrifugal phenomena. The 
opening to De Vi Centrifuga was not a description of Huygens' process of discovery, 
but instead an attempt to convince his readers of what he already believed. Huygens 
desired to show that not only is this correspondence real, but that it is a productive 
piece of mechanical physics. Having demonstrated that motion resulting from 
centrifugal tendencies follows the law of odd numbers, Huygens set about providing a 
quantification of centrifugal motion based on his belief in this correspondence. 
The Crucial Proposition 5 of De Vi Centrifuga 
Having convinced his readers of the correspondence between gravitational and 
centrifugal tendencies, Huygens proceeds to prove four propositions relating the 
speed, diameter, and centrifugal force of bodies travelling in circles. He then presents 
several propositions further relating centrifugal tendencies to gravitational tendencies, 
starting with proposition 5 of De Vi Centrifuga: 
If a body is moved in the circumference of a circle at the speed that it acquires 
by falling from a height equal to a quarter of the diameter, it will have a tendency 
                                                          
169 (Huygens 1659) 
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to recede from the centre equal to its weight, i.e. it will pull the string by which it 
is restrained with equal strength as when it is suspended from it.170 
In Figure 23, a body is moving around the circumference of the circle with a velocity 
equal to that it would acquire if it had fallen through a distance equal to half the radius 
AB under natural acceleration, i.e. through the distance CB. This velocity is very 
important for Huygens and will be referenced several times throughout this proof, so I 
will refer to it as “the given uniform velocity”. Let the tangent BD be equal to the radius 
AB. Therefore, from the mean speed theorem, the body would, if released along the 
tangent with a constant velocity equal the velocity with which it travels along the 
circumference, traverse BD in a time equal to the time it took for it to fall from rest 
along CB. There are 3 different motions in Figure 23: 
 
Figure 23: Proposition 5 of De Vi Centrifuga 
                                                          
170 (Huygens 1659) 
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1. A body is falling from rest from C to B. By the time it reaches B it has acquired 
the given uniform velocity. 
2. A body is travelling along the circumference of the circle, like a rock in a sling, 
with a velocity equal to the given uniform velocity. It is experiencing a centrifugal 
force. 
3. A body is travelling from B to D with a constant velocity equal to the given 
uniform velocity. This body is experiencing no force. 
The only difference between motions 2 and 3 is that in motion 3 the rock is released 
from the sling at B, whereas in motion 2 it is not. 
Then take an arbitrarily small part of BD, called BE, and draw the line EH passing 
through the centre A and through the circumference of the circle at F. Then, mark a 
point G on CB such that the square of BD is to the square of BE as CB to CG, i.e.: 
BD2 : BE2 = CB : CG 
The trick that Huygens is attempting here is to show that the centrifugal force FE is 
equal to the gravitational force CG. FE, the difference between the body's inertial 
motion and its circular motion, represents the centrifugal force acting on the body. CG 
is “some very small particle from the outset of the body” (Huygens, 1659), i.e. an 
infinitesimal distance at the start of the body's fall along CB, and it represents the 
gravitational force of the body in free fall. 
To achieve this, Huygens' physics becomes fluid. He changes his interpretation of the 
line BD from representing space to representing time, asking us to consider that BD 
represents the amount of time it takes a body to fall from C to B. However, because it 
takes the same amount of time for a body to move with the given uniform velocity from 
B to D as it takes to fall from C to B, then BD represents both a distance, and the time 
it takes for a body travelling at the given uniform velocity to travel that distance! This 
isn't a problem mathematically, but it can become confusing for the reader as Huygens 
quickly moves between different interpretations of the same line. 
This means that BE will represent the time of fall through CG. This is because the two 
lengths are connected through the relationship BD2 : BE2 = CB : CG; and from the law 
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of fall. Further, in the time it takes for a body to fall under natural acceleration through 
CG, the body could move along BE with the given uniform velocity, i.e. equal to the 
speed of the body that is travelling along the circumference. That means that BE, like 
BD, represents both a distance and the time it takes for a body travelling at the given 
uniform velocity to traverse that distance. Simple! 
In this very short section, Huygens has moved from BD being a representation of a 
distance, to being a representation of time, then back to it representing distance. This 
interpretative juggling can also be seen in Proposition 25 of the Horologium 
Oscillatorium; in both cases Huygens freely switches between two different 
interpretations of his diagram in order to make his mathematical argument work. He is 
in his element here; this is the kind of mathematical skill that Galileo clearly desired 
but did not possess. 
Huygens needs to introduce time into the diagram because his proof only works if the 
motions caused by the forces EF and CG exist for the same amount of time. If they do 
not, then the gravitational and centrifugal tendencies could not be equal, as equal 
tendencies cause equal distances to be traversed in equal times. The end of the proof 
is near; all that remains for Huygens to show is that EF is equal to CG, and that the 
motions created by the tendencies EF and CG exist for the same amount of time. 
In the time it takes for the body to traverse BE, a body moving along the circumference 
with the same speed would traverse the arc BF, for BE = BF if BE is infinitesimal. Thus 
there is a centrifugal tendency for the body to recede from the line BF through the 
distance EF. Crucially, this centrifugal tendency exists for the same amount of time 
that the gravitational tendency CG exists, as the time of fall along CG is equal to the 
time of uniform motion along BF and BE. Huygens then shows that EF is equal to 
CG171, before concluding: 
                                                          
171 I have relegated this part of the proof to the footnotes because it is both complex and not very 
interesting, at least for our purposes. For the mathematically minded, Huygens proof is as follows: “HE 
is to EB as EB to EF, and thus the square of HE is to the square of EB as HE to EF in length. Whence, 
if the subquadruples of the antecedents be taken, the square of AF will be to the square of EB as the 
fourth part of HE, which should be considered equal to ¼HF, or CB, is to FE. But the square of AF is to 
the square of BE, or the square of DB to the square of BE, as CB to CG in length, by construction. 
Therefore, CB will be to CG as the same CB to HF, and thus FE, CG are equal to each other, whence 
the proposition holds.” 
Max Kemeny  A Certain Correspondence 
Page 106 of 116 
 
The tendency of the suspended body to fall with an accelerated motion is equal 
to the tendency of the same body to recede from its string with a similarly 
accelerated motion when it is moving in a circumference [with the appropriate 
speed], since the tendency to accelerated motions is the same when equal 
distances will be traversed by the motions in equal times.172 
Huygens has thus demonstrated that the centrifugal tendency experienced by the 
body is, in this particular case, exactly equal to its gravitational tendency. This result 
is no small matter. It once again demonstrates that gravitational and centrifugal 
tendencies are the same kind of phenomenon, that they can be measured and 
mathematically manipulated in the same way. In this proof Huygens, much like Galileo 
almost half a century before him, displays his commitment to uniting a diverse set of 
phenomena under the same mathematical and conceptual framework. 
Huygens, however, already expected his readers to appreciate the fact that there was 
a connection between gravitational and centrifugal motion. What is crucial about 
proposition 5 is that it gives the reader a way to measure centrifugal force. All the 
reader needs to do is find a string of a given length, then determine how fast a body 
would be moving after falling through half of this length. Huygens had shown in the 
Horologium Oscillatorium that this value was easily calculable. The natural philosopher 
could then attach the body to the string and revolve it in a circle like a sling, adjusting 
their speed until the body is moving at the appropriate velocity. The natural philosopher 
would then know that the centrifugal force on the rock would be equal to its weight. 
Once this value is known, it can easily be manipulated to provide answers for all other 
situations. For example, if the speed of the rotation is doubled, the centrifugal tendency 
is quadrupled. Proposition 5 was the first time that centrifugal force had been 
quantified. Huygens follows this proof with further propositions determining, for 
example in proposition 6, the circumference of a circle which would produce a 
centrifugal force on a body, traversing the circumference in one second, equal to the 
weight of a body which had free fallen from rest for one second. 
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Huygens also extends his work to conical pendulums, such as in proposition 12, where 
he proves that if a conical pendulum is made to trace very small circles, “the period of 
those revolutions will have the same ratio to the time of perpendicular fall from twice 
the height of the pendulum as the circumference of the circle to the diameter [i.e. π:1], 
and consequently the period [of circular oscillation] will be equal to the time of two very 
small lateral oscillations of the pendulum.”173 He also proves some simpler 
propositions, such as proposition 16, “If a simple pendulum is set in motion with the 
maximum lateral oscillation, i.e. if it descends through the whole quadrant of the circle, 
when it reaches the lowest point of the circumference it will pull its string with a force 
three times as great as if it were simply suspended from it.”174 
These propositions, which together serve to quantify centrifugal force, are all reliant 
on an understanding of centrifugal tendencies as directly analogous to gravitational 
tendencies. In De Vi Centrifuga, Huygens showed that these two tendencies could be 
treated as essentially the same, and therefore circular motions could be dealt with 
quantitatively. Proposition 5 was the key: by providing an example where the 
gravitational and centrifugal forces were equal, Huygens was able to create a starting 
point from which a variety of other examples of centrifugal force could be quantified. 
Huygens used his work to calculate the centrifugal force on terrestrial bodies exerted 
by the rotation of the Earth, finding that it was around 250 times smaller than the 
gravitational force175, thereby quantitatively defusing an anti-Copernican argument 
against a rotating Earth: that the rotation of the Earth would cause bodies to fly off its 
surface much as water flies off of clothes when they are spun. 
A Crucial Correspondence 
Huygens has thus continued the Galilean program, extending the mathematisation of 
motion from naturally accelerated motion to centrifugal motion. However there are 
important differences between Galileo and Huygens' work. While Galileo's work 
focused on motion as actually instantiated in the world (and in the case of the hanging 
chain, motion as frozen in a static object), in De Vi Centrifuga Huygens focused his 
attention primarily on forces or tendencies: the source of an object's motion rather than 
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175 (Yoder 1988, 22) 
Max Kemeny  A Certain Correspondence 
Page 108 of 116 
 
the motion itself. That being said, Huygens' insistence on treating the two different 
types of motion as both instances of a more general phenomenon followed Galileo's 
example. 
At the core of Huygens' quantification of centrifugal motion is the argument that 
gravitational and centrifugal tendencies are mathematically and phenomenologically 
equivalent. This meant, as Galileo would say, that there was a correspondence 
between the two cases. Proposition 5 of De Vi Centrifuga was the crucial step that 
allowed Huygens to provide quantitative results for a variety of examples of centrifugal 
motion; in it he showed that the magnitudes of the gravitational and centrifugal 
tendencies were equal. This was based on Huygens' belief that equal motions resulted 
from equal tendencies, “the same tendency is present if... the same motion will 
result”176. Finally, gravitational and centrifugal motions were the same because they 
both followed the law of odd numbers. 
Huygens' belief in a correspondence between centrifugal and gravitational tendencies 
was different in some ways to Galileo's belief in correspondences between pendulums 
and inclined planes, for example. The most important difference is of course that 
Huygens has expanded the concept of correspondence to include forces, a subject 
that Galileo refused to consider. And while both men relied on a combination of 
mathematical and empirical evidence to justify their beliefs in correspondences, 
Galileo's arguments were primarily empirical whereas Huygens' were primarily 
mathematical. 
However the similarities in the two approaches outweigh the differences. Huygens' 
work showed that, without context, there was no way of knowing whether a string was 
pulled taut by a centrifugal or a gravitational tendency. Similarly, Galileo pointed out 
that identical curves would be drawn by a hanging chain and a ball rolling along an 
inclined plane. This idea of shared phenomena being produced by identical underlying 
processes, independent of any particular instantiation of that phenomena, is crucial to 
the concept of correspondence, and lay at the heart of both Galileo's and Huygens' 
programs. 
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Secondly, and perhaps more importantly for their contemporary reception, both 
Huygens and Galileo relied on correspondences to justify extending their 
mathematical treatment from a well understood field to a less familiar one. In Galileo's 
case it was the application of pendulum motion to a variety of other subjects: projectile 
motion, motion on an inclined plane, etc. For Huygens, it was the continuation of 
Galileo's study of pendulums to solve the problem of free fall, as well as the extension 
of Galileo's work on motion involving gravitational tendencies to the realm of 
centrifugal motion. 
Both men provide case studies for how the mathematisation of nature is to proceed: 
identifying correspondences, then leveraging those correspondences to expand 
mathematisation from a familiar subject to an unfamiliar one. Rather than treat each 
case individually, Galileo showed that understanding one phenomenon, the pendulum, 
could be used as a shortcut to understand a wide variety of naturally accelerated 
motions. Huygens took this idea one step further: the understanding of one area of 
motion could be applied to understand another, provided one found an appropriate 
contact point between the two. Proposition 5 of De Vi Centrifuga was that contact 
point.  
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Conclusion 
What, then, can be said about the fate of correspondences as a distinct concept in 
mid-17th century mechanics? Having established a place within Huygens' 
understanding of motion, and serving as a crucial point of contact between centrifugal 
and gravitational motion, the notion of correspondences languished as De Vi 
Centrifuga lay unpublished for forty years. In the meantime, Isaac Newton and 
Gottfried Leibniz revolutionised physics. When the book finally did appear, after 
Huygens' death in 1703, it was severely out of date. Although Huygens' mathematical 
genius was on full display in De Vi Centrifuga, the tools he used to complete this work 
had by and large become obsolete; calculus was already emerging as the new 
language of physics. Like an artisan driven out of business by a factory, Huygens' 
mathematical brilliance could not make up for the inefficiency of his methods. 
Those methods, including the concept of correspondence, thus failed to attract serious 
attention by contemporaries. And while correspondences were present in the 1673 
Horologium Oscillatorium, they were hidden beneath the surface. In the meantime, the 
scientific world had simply moved on from metaphysical intuitions such as 
correspondences. This was somewhat due to their own success; the mathematisation 
of motion which was partially legitimised by correspondences had proven to be so 
powerful that it no longer needed legitimising, its success was proof enough. 
Recall Galileo's introduction to his mathematical postulates about motion on day three 
of the Discorsi. There he supports a proposition regarding inclined planes with an 
argument based on pendulums. Galileo struggles to justify this strategy; Sagredo 
states that Salviati's proposition is “so reasonable that it ought to be conceded without 
question”, but, lest the reader see through this rather weak piece of rhetoric, he later 
bases his claim on empirical observations, with Salviati promising that “the absolute 
truth of [this principle] will be established when we find that the inferences from it 
correspond to and agree perfectly with experiment”. 
These unconvincing claim conceal the real motivation for Galileo's work: he believed 
there was a correspondence between pendulums and inclined planes, based on their 
shared isochrony. They are designed to persuade the reader to continue on to his 
mathematical postulates on motion, without giving their somewhat shaky theoretical 
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basis too much thought. The postulates themselves are far more convincing than the 
arguments which supposedly justify them. 
Fifty years on, however, the intellectual landscape had changed. Mathematical physics 
had matured to the point where it no longer needed the kind of metaphysical 
legitimisation that correspondences offered. In Newton's Preface to his Principia he 
did not attempt to legitimise mathematical physics, but instead celebrated its power. 
Correspondences, and concepts like it, were no longer necessary; they were an idea 
whose time had come, and then gone. 
This is not to say correspondences simply disappeared after the 1660s. The notion of 
correspondences was intimately connected to concepts of symmetry, and this notion 
remained central to the Galilean research program. Huygens used symmetry as the 
key to solving the problem of collision, a solution which he communicated to the Royal 
Society in 1668 and published in Journal des Sçavans the following year. Huygens 
viewed his use of correspondences in the same way he viewed his use of relative 
motion; simply as another extension of Galileo's work. 
The historiography of this question has been deeply concerned with commitments to 
empiricism, from the old arguments about the degree of Galileo's reliance on empirical 
evidence or about Mersenne the positivist, to the more recent conversations regarding 
Thomas Harriot and Christiaan Huygens. While all of these men talked the talk about 
relying on empirical evidence to come to their beliefs, only Mersenne truly tried to walk 
the walk, because he could see no other way to legitimise Galilean mechanics. Yet 
even Mersenne's commitment to radical empiricism was fragile, and it soon broke 
beneath the weight of Descartes' physical arguments; with it broke Mersenne's 
commitment to the Galilean project. 
Scientific projects live and die by their intellectual legitimacy, but that legitimacy can 
be provided in a variety of ways. Galileo's project survived the withering of interest in 
correspondences in the latter half of the 17th century because other sources of 
legitimacy strengthened to compensate. In fact, the very strengthening of those other 
arguments caused the scientific community to overlook correspondences; why use a 
weak argument when a more convincing one is available? In a century where 
scientists routinely claimed empirical evidence as the sole basis of their speculations, 
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arguments that relied on metaphysical intuitions were suspect. Galileo had to cobble 
together legitimacy from any argument he could find, and as such he needed to put 
his concept of correspondences explicitly on display in the Discorsi, whereas Galileo’s 
successor, Huygens, only dealt with it implicitly. 
However, providing legitimacy was not the only function of correspondences, they 
were important sources of motivation. In the 1590s Galileo and Guidobaldo drew a 
connection between inclined planes and hanging chains; they could only have done 
so with an appreciation of some fundamental similarity between the two phenomena. 
The same motivation towards unification was present more than half a century later 
when Huygens strove to connect gravitational and centrifugal forces. The concept of 
correspondences is the core motivation here; finding connections between 
phenomena that, at least on the surface, seem unrelated. 
When that motivation was satisfied, with Galileo's mathematisation of mechanics and 
Huygens' mathematisation of centrifugal force, correspondences were no longer 
needed. The generation after Huygens, dominated by the work of Newton and Leibniz, 
would have different concerns, and wield different concepts against one another. 
When Galileo wrote that in the grand book of nature “philosophy… is written in the 
language of mathematics” he was making an argument for the legitimacy of 
mathematical physics; with the concept of correspondences he was making another. 
But Newton did not need correspondences because he did not need to justify 
mathematical physics; late 17th and early 18th century controversies were focused on 
other matters, such as the true nature of gravity. Correspondences, having served 
their purpose, bowed out. 
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